1  I 

X/  A0-A093  215  HUSHES  AIRCRAFT  CO  CULVER  CITY  CA 

|  EVALUATION  OF  ELECTRICAL  TEST  CONDITIONS  Ih 

1  AUG  BO  K  SAND6REN 

1  UNCLASSIFIED  HAC-FR-60-76-706  RADC-TR-8C 

F/6  19/2  |i 

MIL-H-38510  SLASH  S— CTCCUI  1 

F30602-78-C-0193  III 

-263  NL  II 

m 

r 

«1U 

1 

4 

r 

j 

1 

i 

II 

f  ' 

1 

M 

!  P 

^■1 

■■■ 

mm 

■ _ 

<*»*<*« 


EVALUATION  OF  ELECTRICAL  TEST 
CONDITIONS  IN  MIL-M-385 1 0 


Hughes  Aircraft  Company 


K.  Sandgron 


DTIC 

ELECTE| 
DEC  2  3  1980 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


ROME  AIR  DEVELOPMENT  CENTER 

Air  Fore*  Systems  Command 

OriffiM  Air  Fore*  Bom,  Now  York  13441 


80  12  22  174 


maBt 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  of  this  page  (When  Datm^Enterod)  t 

I  /JO1)  REPORT  DOCUMENTATION  PAGE 


r  REp&wpTuuaER 


jArc  READ  INSTRUCTIONS 

_ BEFORE  COMPLETING  FORM 

2  GOVT  ACCESSION  NO.  3  RECIPIENT'S  CATALOG  NUMBER 


y^lRADcjffR-80,-263~]^ _ V&-/?093  S'  f - - - 

-4.  T,TL«f- Ei^^ruRED 

(Oj  EVALUATION  OF  ELECTRICAL  TEST  CONDITIONS  IN  n  .  ^ 

ML-M-385L0  SlSsH  SHEETS,?"-  -  *  ■ -  ’  '  I  Aug«*_  ^^-Sep^-tor  79^ 

\  ~  ~  f  I  T’J "X  -*• -PERFORMING  nift  REPORT  NUMlfeft ■— 

. .  '  ~  ■  •  ( 'V/tf/LG.  -  FR-^-76-7flfe/ 


|7  AUTHOR^*; 


*  (/O  IlC.^andgrc 


9-  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Hughes  Aircraft  Company 
Culver  City  CA  90203 

H.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


-4 — pcncTpMni  mr»  report  numm 

FR-845-76-7,0fe/  ^ 

f  LUHTfrugT  on  JTIANT  NUM8ERf«j 

F30'6O2-78-di93  !>l 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  A  WORK  UNIT  NUMBERS 


62702F 

23380157 


CONTROLLING  OFFICE  NAME  AND  ADDRESS  _ > _ U - RtBOlU-JlAXE..  /l/\ 

iRome  Air  Development  Center  (RBKP)  j f^SO. - — 

|Griffiss  AFB  NY  13441  110  /_£ J; 

MON  iTOBUiiiAGENCY  NAME  4  ADDRESS^*/  dl//erenf  from  ConfroMln*  Office)  IS.  SECURITY  CLASS?  (o/  rWr^Sporf^1 


J  f  *  '  ■  15*  OECLASSIFICA 


DECLASSIFICATION  DOWNGRADING 
schedule 


|t*.  DISTRIBUTION  STATEMENT  (of  this  Report) 


(Approved  for  public  release;  distribution  unlimited 


|17.  DISTRIBUTION  STATEMENT  (oTth^Satrmetint^d  in  Block  20,  if  different  from  Report) 


II*.  SUPPLEMENTARY  NOTES 

RADC  Project  Engineer:  W.  Keith  Conroy,  Jr.  (RBRP) 


19-  KEY  WORDS  (Continue  on  reveree  Mid •  If  necaMMery  end  identify  by  block  number) 

Microcircuits 
Specf ication 

Automatic  Test  Equipment 
Electrical  Testing 

20  ABSTRACT  (Continue  on  rtvtn*  aid*  II  nacaitary  and  Idaniily  by  block  number) 

Adequacy  of  MIL-M-38510  slash  sheet  requirements  for  electrical  test 
conditions  in  an  automated  test  environment  were  evaluated.  Military 
temperature  range  commercial  devices  of  13  types  from  6  manufacturers 
were  purchased.  Software  for  testing  these  devices  and  for  varying  the 
test  conditions  was  written  for  the  Tektronix  S-3260  test  system.  The 
devices  were  tested  to  evaluate  the  effects  of  pin-condition  settling 
time,  measurement  sequence  of  the  same  and  different  D-C  parameters,  _ 

DO  I  JAN  71  1473  EDITION  OF  1  NOV  •»  IS  OBSOLETE 


SECURITY  CL  ASSlflC  ATiON  OF  THIS  PAGE  ('»h#n  D*f*  Enlmrad) 


j?  7;.  i  cr 


UNCLASSIFIED 


ujr. 


H 


v  , 


I  CP 


SCCU^f  fY  CL  ASSlPtC^TlON  OP  THIS  P*GE(W|>n  Q»tm  Enfrmd) 


^ptemperature  sequence,  differently  defined  temperature  ambients,  variable 
measurement  conditions,  sequence  of  time  measurements,  pin-application 
sequence,  and  undesignated  pin  condition  ambiguity. 

[>An  alternative  to  current  tri-state  enable  and  disable  time  measurements 
is  proposed;  S-3260  "open"  and  "ground"  conditions  are  characterized; 
and  suggestions  for  changes  in  MIL-M-38510  slash  sheet  specifications 
and  MIL-STD-883  test  methods  are  proposed,  both  to  correct  errors  and 
ambiguities  and  to  facilitate  the  gathering  of  repeatable  data  on 
automated  test  equipment. 


Data  obtained  showed  no  sensitivity  to  measurement  or  temperature 
sequence  nor  to  temperature  ambient,  provided  that  test  times  were  not 
excessive.  tests  and  some  low  current  measurements  required 

allowance  forapin  condition  settling  time  because  of  the  test  system 
speed.  Some  pin  condition  application  sequences  yielded  incorrect 
measurements.  Undefined  terminal  conditions  of  output  pins  were  found 
to  af feet and  propagation  delay  time  measurements.  Truth  table  test 
results  varied  with  test  frequency  and  V^^for  low-power  Schottky  devices] 


I 


XL 


_ UNCLASSIFIED _ _ 

ilcu«iTY  CL  o»  t*‘"  p»r.t'irr..n  Omit 


T3?«sr 


TABLE  OF  CONTENTS 


INTRODUCTION. 


DESCRIPTION  OF  STUDY 


Test  Plan . 3 

Plan  for  Investigating  Sequence  Sensitivities .  6 

INITIAL  PROGRAMMING  AND  TEST .  8 

EFFECTS  OF  PIN  CONDITION  SETTLING  TIME  .  12 

Test  Description  .  12 

Results  and  Conclusions . . .  14 

EFFECTS  OF  MEASUREMENT  SEQUENCE  OF 

DIFFERENT  DC  PARAMETERS  .  20 

Test  Procedure .  20 

Results  and  Conclusions . 20 

EFFECTS  OF  TEMPERATURE  SEQUENCE .  23 

Test  Procedure  . .  23 

Results  and  Conclusions .  23 

Additional  Testing  . .  27 

EFFECTS  OF  DIFFERENTLY  DEFINED  AMBIENTS . .  .  29 

Test  Procedure  . .  29 

Vpp  Measurement .  30 

Results  and  Conclusions .  30 

EFFECTS  OF  VARIABLE  MEASUREMENT  CONDITIONS  ....  34 

Test  Description  and  Procedure  .  . .  34 

Results  and  Conclusions .  35 

EFFECTS  OF  SEQUENCE  IN  TIME  MEASUREMENTS .  38 

Test  Procedure  . .  38 

Results  and  Conclusions . 38 

EFFECTS  OF  MEASUREMENT  SEQUENCE  OF  THE 

SAME  (DC)  PARAMETER .  42 

Test  Description  and  Procedure .  42 

Results  and  Conclusions . 42 


-ft-  r'&V'f 


'V  ■ 


CONTENTS  (Continued) 


EFFECTS  OF  PIN  APPLICATION  SEQUENCE 


Test  Description  and  Procedure 
Results  and  Conclusions  ..... 


EFFECTS  OF  UNDESIGNATED  PIN  AMBIGUITY 


Test  Description  and  Procedure 
Results  and  Conclusions . 


INVESTIGATION  OF  MEASUREMENT  EFFECTIVENESS 


Tri-State  Time  Measurement  Investigation. 
Maximum  Frequency  Test  Investigation  .  .  , 
Measurement  of  Input  Capacitance . 


DEFINE  "OPEN"  AND  "GROUND” 


Test  Description  and  Procedure 
Results  and  Conclusions . 


SLASH  SHEET  REVIEW. 


Additional  Conditions  for  IqS  Measurements . 

Minimum  or  Maximum  Pulse  Width  in  Recommended 

Operating  Conditions  in  MIL-M-385  10/9C  . 

Output  Loading  in  Figures  for  Measurements  of 

Time . 

Comparator  Levels  for  Truth  Table  Tests . 

Fifty  Percent  Duty  Cycles . . 

FmAX  Limits  and  Test  Conditions  . . . 

Flip-Flop  Propagation  Delay  . . 

Redundant  or  Superfluous  Measurements  and 

Omitted  Measurements  . . 

Typographical  Errors  and  Omissions . 


SUGGESTIONS  FOR  MIL-STD-883 


CONCLUSIONS 


LIST  OF  ILLUSTRATIONS 


Figure  Page 

1  S-3260  Microelectronic  Test  System .  2 

2  Example  of  the  Insertion  of  a  Variable  Delay  from  the 

Program  Used  for  the  5400  Devices .  12 

3  Large  Variations  in  IqEX  Readings  at  54S74 

Devices  at  25°C  13 

4  Current  Noise  in  S-3260  Test  System,  1  (xA  Range 

on  System  1  14 

5  Histogram  of  Pin  Condition  Settling  Time  Percent 

Change  Data  for  Vq^  of  54S74  Devices  at  25°C .  16 

6  Histogram  of  Pin  Condition  Settling  Time  Percent 

Change  Data  for  Iqs  of  54S00  Devices  at  25°C  .  17 

7  Histogram  of  Pin  Condition  Settling  Time  Percent 

Change  Data  of  ^4S74  Devices  at  25°C  .  18 

8  Histogram  of  Pin  Condition  Settling  Time  Percent 

Change  Data  for  °f  54S74  Devices  at  25°C .  19 

9  Flow  of  Parameter  Sequence  Programs .  21 

10  Temptronic  TP450A  ThermoStream®  Unit .  24 

11  IIH][  of  54LS00  Devices  at  125°C  25 

12  IjHj  of  54LS00  Devices  at  25°C  after  30  second 

Stabilization  Time  from  Previous  Temperature .  26 

13  Temperature  of  the  DUT  Versus  Stabilization  Time  ....  27 

14  Chamber  Surrounding  DUT  to  Maintain  Relative 

Humidity  below  40  Percent . 29 


15  A  t(jjf  Error  is  Included  in  Measurements  of  Time  ....  34 

16  Histograms  of  TpLHj  Data  for  54S74  Devices  at  2  5°C 
Using  Standard  (3.5  to  4  nanosecond)  and  10  nanosecond 


Rise  and  Fall  Times  .  36 

17  Chart  of  Vjj^  Versus  Truth  Table  Test  Frequency 

at  125°C  for  54LS295  Devices .  37 

18  MIL-M-38  510/9C,  Page  71 .  41 


v 


Page  j 

H 

Result  of  Dynamic  Volt  Measurement  Dependent  on  r: 

Timing  Characteristics  of  Comparator  Window .  50  jV 

Theoretical  Alternative  to  Tri-State  Measurements  ....  51  | 


Figure 

19 

20 


21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 


ATE  Model  of  Figure  20  ....  . . .  . .  52 

Initial  Waveforms  for  Suggested  tj^Z  Measurement  ....  54 

Initial  Waveforms  for  Suggested  t£H  Measurement  ....  55 

S-3260  Socket  Card  with  a  14-Pin  Zero-Insertion- 

Force  Dual- In-Line  Socket  Attached  (Approximately 

1/2  Scale)  . . .  62 

Page  1  of  MIL-M-38510/2E  Showing  That  the  Absolute 

Maximum  Ratings  of  the  Device  Types  Require 

Withstanding  an  Ios  Condition  at  Only  One  Pin 

for  5  Seconds .  70 

MIL-M-38510/2E,  Page  3,  Table  I,  Note  4  Requires 

That  No  More  Than  One  Output  Be  Shorted  at 

One  Time  .  71 

M1L-M-385 10/2E,  no  Maximum  Duration  Specified  for 

IOS  and  No  Restriction  Placed  on  Untested  Outputs 

(No  Notes  Apply) .  72 

MIL-M-385 10/9 C,  Page  3 .  74 

MIL-M-385 10/306B,  Page  2 .  75 

From  MIL-M-38510/9C,  Page  55  76 

From  MIL-M-38510/9C,  Pages  69  and  72  .  77 

MIL-M-38  510/22B,  Page  28,  Clock  Pulse  Specified  as 
Having  "50  Percent  DUTY  CYCLE,  MIN" .  79 

MIL-M-38510/22B,  Page  38,  fjvlAX  Test  Conditions 
Conflict  with  Other  Switching  Test  Conditions  .  80 

From  MIL-M- 3851 0/71  A,  Pages  59  and  61,  ffoiAX 
Conditions  and  Limits  . 82 

MIL-M- 38 510/ 51  B,  Page  40 .  83 


vi 


L-. 


LIST  OF  ILLUSTRATIONS  (Continued) 


Figure  Page 

36  Logic  Diagram  of  a  D- Type  Flip-Flop  (from 

MIL-M-38510/22B,  p.  17) .  84 

37  Igg  Requirement  for  FET  (from  MIL- M- 385 1 0- 50C, 

page  12) .  86 

38  Schematic  of  CD4011 A  (MIL- M-38510/50C,  p.  8) .  87 

39  Logic  Diagram  of  54LS295  (MIL-  M-  385 1 0/306B, 

Page  24)  88 


•rr 


vii 


LIST  OF  TABLES 


Table  Page 

1  Task  or  Study  Description  Table  . . 4 

2  Device  Types  and  Suppliers  . .  5 

3  Test  Matrix  for  Sequence  of  Ten  Measurements .  6 

4  Exceptions  to  MIL-M-38510  Test  Conditions  . .  9 

5  Data  Comparison  between  Special  Program  and 

Initial  Program . 10 

6  Summary  of  Initial  Test  Results  . .  11 

7  Typical  Pin  Condition  Settling  Time  Data, 

5400  Devices  at  25°C . 15 

8  Sequence  Variation  of  Temperature-Sensitive 

Parameters  . .  22 

9  Temperature  Rise  in  Differently  Defined  Ambients .  31 

10  Schottky  Flip-Flop  Parameters  as  Function  of 
Environment  after  Stabilization  (10  Minute 

Operation) . 33 

11  Representative  54S74  Sequence  in  Time  Data .  39 

12  Representative  54LS295  Sequence  in  Time  Data  .  40 

13  54164  Sequence  of  Same  Parameter  Data  for  Vql .  43 

14  54LS00  Sequence  of  Same  Parameter  Data  for  IfHj  . .  43 

15  54H74  Sequence  of  Same  Parameter  Data  for  44 

16  ^OH  ^est  Conditions  (D-Type  Flip-Flop)  . .  45 

17  Effect  on  Iq  of  Grounding  More  Than  One  Output .  48 

18  Comparison  of  Suggested  Tri-State  Method  to 

Specification  Method  .  56 


19 


Comparison  of  S-3260  Fj^^x  Test  to 
Specification  Test  ............ 


59 


■w 


I  .  II  UXWB 


LIST  OF  TABLES  (Continued) 


Table  Page 

20  Inductance  of  Ground  Paths  and  Capacitance  of 

the  S-3260  .  61 

21  Propagation  Delay  Times  for  Two  Ground  Path 

Inductances .  64 

22  Procurement  Specifications  Used  During 

This  Study .  65 

23  Identification  and  Location  of  Specification  Errors .  66 


IX 


EVALUATION 


The  automatic  electrical  testing  of  microcircuits  has  forced  a  revaluation  of 
the  JAN  electrical  specification  to  which  devices  are  procured.  Experience  has 
shown  that  data  obtained  with  automatic  test  equipment  (ATE)  very  often  differs 
significantly  from  that  obtained  on  the  bench,  or  even  from  other  ATE.  It  was  the 
purpose  of  this  study  to  identify  some  of  those  differences  and  derive  new  testing 
procedures  that  will  result  in  more  accurate  and  repeatable  parametric  measure¬ 
ments  on  digital  devices. 

To  this  end,  hypotheses  were  tested  regarding  the  effects  of  test  sequence, 
test  condition  settling  times,  and  variations  in  unspecified  test  conditions.  This 
involved  writing  computer  programs  for  the  test  equipment  so  that  several  series 
of  measurements  could  be  repeated  while  carefully  changing  only  one  of  the 
questionable  parameters  at  a  time,  and  observing  the  effects  which  were  manifest¬ 
ed  in  the  volumes  of  data  generated.  Special  analysis  programs  were  therefore 
written  for  reducing  this  data.  Also,  the  existing  tri-state  time  measurement 
technique  in  one  of  the  specs  was  found  inadequate  and  a  new,  more  accurate  and 
more  meaningful  method  was  proposed. 

The  problem  of  how  to  define  the  ambient  temperature  of  a  device  was 
addressed  by  performing  experiments  with  different  heating  and  cooling 
techniques.  This  data,  combined  with  the  application  of  thermodynamic  principles 
involved  in  determining  Tj  and  T^,  led  to  some  proposed  changes  to  MIL-STD-883, 
"Test  Methods  and  Procedures  for  Microelectronics."  This  work  required  a  great 
deal  of  insight  into  the  operation  of  the  ATE  itself,  such  as  knowing  how  the 


equipment  makes  a  measurement  when  the  appropriate  statement  is  encountered  in 
the  software,  and  understanding  the  parasitic  elements  of  the  test  equipment's 
electrical  measurement  paths  and  nodes. 

As  a  result  of  this  work,  improvements  can  be  made  not  only  to  MIL-STD- 
883,  but  also  MIL-M-38510,  "Military  Specification  Microcircuits  General  Specifi¬ 
cation  For,"  and  the  specific  slash  sheets  reviewed  in  this  effort.  This  impacts 
both  the  quality  of  the  part  procured  to  the  spec,  as  well  as  the  repeatability  of 
data  taken  on  different  ATE  systems  when  programmed  to  test  to  the  same 
electrical  spec. 

This  effort,  however,  covers  only  small  and  medium  scale  digital  micro¬ 
electronics.  In  order  to  fill  the  need  for  a  detailed  inspection  and  verification  of 
JAN  electrical  specs,  this  work  must  be  extended  to  cover  linear  and  large  scale 
complex  microcircuits  as  well.  This  will  contribute  significantly  to  assuring  the 
reliability  of  parts  procured  to  the  JAN  spec  system,  which  is  one  of  the  most 
important  aspects  of  the  R5B  TPO  thrust  in  Solid  State  Device  Reliability. 

W.  KEITH  CON 
Project  Engineer 


xii 


1.  INTRODUCTION 


This  final  report  summarizes  the  results  of  a  study  completed  by  the 
Technology  Support  Division  of  Hughes  Aircraft  Company  under  Rome  Air 
Development  Center,  Contract  No.  F30602-78f C-0193.  The  title  of  this 
study  is  "Evaluation  of  Electrical  Test  Conditions  in  MIL-M-38510  Slash 
Sheets."  The  test  and  evaluation  period  was  from  August  1978  to 
September  1979. 

Integrated  circuit  test  facilities  typically  use  computer-controlled  auto¬ 
matic  test  systems  which  perform  hundreds  of  voltage,  current,  and  time 
measurements  in  a  few  seconds.  However,  the  systems  in  use  have  vary¬ 
ing  capabilities.  Also,  test  engineers  in  different  facilities  do  not  always 
use  the  same  test  techniques.  These  differences  have  occasionally  resulted 
in  correlation  problems  between  facilities.  Factors  that  have  caused  prob¬ 
lems  include  the  following: 

1.  Undefined  pin  conditions,  such  as  those  resulting  from  failure  to 
define  the  input  or  load  for  pins  not  included  in  the  immediate  test. 
(These  pins  are  assumed  to  have  no  effect  on  test  results.  ) 

2.  The  sequence  for  the  application  and  removal  of  bias  supplies. 

3.  Such  variables  as  test  sequence, stimulus  rise  time,  post¬ 
measurement  settling  time,  chip  heating  as  a  function  of  test 
duration,  and  chip  temperature  control  methods. 

Many  of  these  variables,  which  can  potentially  affect  test  results,  are 
encountered  only  in  the  use  of  automatic  test  equipment  (ATE).  Thus,  test 
specifications  prepared  before  the  widespread  use  of  computer-controlled 
automatic  test  systems  often  fail  to  define  some  of  these  variables.  Some 
existing  MIL-M-38510  microcircuit  specifications  and  MIL-STD-883  test 
methods  fall  into  this  category. 

The  principal  objectives  of  this  program  have  been  to  review  existing 
MIL-M-38510  slash  sheet  electrical  test  conditions  and  evaluate  the  effects 
on  parameter  measurements  of  variations  in  test  conditions  where  allowed 
in  the  specification.  Such  variables  as  undesignated  pin  options,  measure¬ 
ment  sequence,  temperature  environment,  test  set-up  time,  test  recovery 
time,  and  temperature  sequence  were  evaluated  as  well  as  the  adequacy  of 


definitions  of  "open"  and  "ground"  pin  conditions.  The  specifications  were 
also  reviewed  for  errors  and  superfluous  tests.  These  factors  were  evalu¬ 
ated  for  an  automated  testing  environment  where  timing,  test  sequence,  and 
other  factors  become  important  parts  of  the  specification. 

All  of  the  tests  were  performed  at  the  Hughes  Aircraft  Culver  City 
facility  on  one  of  three  Tektronix  S- 1260  automated  IC  test  systems,  illus¬ 
trated  in  Figure  1.  All  test  personnel  contributing  to  the  study  are  part  of 
Hughes  Technology  Support  Division,  Components  Laboratory. 


2.  DESCRIPTION  OF  STUDY 


The  scope  of  this  study  includes  the  completion  of  1  5  tasks  as  outlined 
in  Table  1.  Tasks  1,  2,  and  3  are  interrelated  and  required  completion 
before  any  of  the  remaining  12  tasks  or  studies  could  be  initiated. 

TEST  PLAN 

Task  1  required  parts  selection  and  procurement  from  vendors  listed  on 
the  qualified  parts  list  (QPL).  Within  the  time  frame  of  this  study,  6 
vendors  were  able  to  supply  15  samples  of  each  device  type  required.  In  all, 
13  device  types,  representing  each  of  the  major  TTL  device  families  and 
the  CMOS  devices  currently  used  in  military  hardware,  were  tested  during 
the  course  of  this  study.  These  devices  include  gates,  flip-flops,  and  a 
shift  register  from  each  family.  As  Table  2  shows,  26  sets  of  15  vendor 
parts  were  received  for  testing,  for  a  total  of  390  purchased  parts. 

All  390  purchased  parts  were  submitted  to  initial  electrical  measure¬ 
ments  at  the  three  temperatures  of  -55°C,  +25°C,  and  +125°C.  Then 
10  samples  from  each  group  of  15  parts  were  selected  as  test  samples  and 
used  in  the  test  metnod  evaluation  studies.  Two  samples  from  each  group 
were  retained  as  control  samples  and  were  not  subjected  to  evaluation 
studies.  The  remaining  three  samples  from  each  group  were  set  aside  for 
contingencies. 

The  10  test  samples  from  each  of  the  26  vendor  sets  formed  the 
260-sample  test  group  for  the  remainder  of  the  study.  These  parts  were 
subjected  to  a  series  of  tests  designed  to  measure  the  effectiveness  and 
adequacy  of  the  applicable  military  specification  in  an  automated  test 
environment.  The  tests  varied  settling  time,  measurement  sequence, 
temperature  sequence,  and  different  temperature  ambients,  and  measured 
their  effects. 


TABLE  1.  TASK  OR  STUDY  DESCRIPTION  TABLE 


Task 

No. 

Test 

Samples 

Description  of  Task  or  Investigation 

Temperature 

(°C) 

1 

1  5  per 
vendor 

Parts  Selection  and  Procurement 

NA 

2 

NA 

Initial  Programming  Effort 

NA 

3 

390 

Initial  Electrical  Tests  Required  by  Slash 
Sheets 

25,  -55, 

+  125 

4 

260 

Effects  of  Pin  Condition  Settling  Time 

25 

5 

260 

Effects  of  Measurement  Sequence  of 
Different  Parameters 

25 

6 

260 

Effects  of  Temperature  Sequence 

25,  -55, 

+  125 

7 

260 

Effects  of  Differently  Defined  Ambients 

25,  -55, 

+  125 

8 

260 

Effects  of  Variable  Measurement 
Conditions 

25,  -55, 

+  125 

9 

260 

Effects  of  Sequence  in  Time 

Measurements 

25 

10 

260 

Effects  of  Measurement  Sequence  of  the 
Same  Parameter 

25 

11 

260 

Effects  of  Pin  Application  Sequence 

25 

12 

260 

Effects  of  Undesignated  Pin  Ambiguity 

25,  -55, 

+  125 

13 

52 

Effectiveness  of  Test  Measurement 

25 

14 

52 

Defining  Open  and  Ground 

25 

15 

260 

Effects  of  Measurement  Times  and  Time 
between  Measurements 

25,  -55, 

+  125 

4 


* 


Part  No. 

TABLE  2. 

RCA 

DEVICE  TYPES  AND  SUPPLIERS 

SIG  NSC  FSC 

TI 

MOT 

5400 

XXX 

X 

X 

54H00 

X  X 

X 

X 

54S00 

X 

54LS00 

XX  X 

401 1 A 

X 

X 

5474 

X 

54H74 

X 

54S74 

X 

54LS74 

X 

X 

40 1 3  A 

X 

X 

54164 

X 

54LS295 

X 

40 1  5  A 

X 

X 

Note:  RCA 
SIC 
NSC 
FSC 
TI 

MOT 


RCA  Corp,  Solid  State  Div 

Signetics  Corp 

National  Semiconductor 

Fairchild 

Texas  Instruments 

Motorola  Semiconductor 


PLAN  FOR  INVESTIGATING  SEQUENCE  SENSITIVITIES 


The  investigation  of  sequence  related  sensitivities  requires  a  large 
number  of  tests.  Since  the  majority  of  tasks  included  in  this  study  involve 
some  sort  of  sequence  investigation,  the  approach  used  is  as  follows: 

1.  Tests  were  run  (or  pins  were  tested)  in  groups  of  N,  so  that  there 
would  be  no  difference  in  program  flow  for  different  sequences. 

2.  Each  test  (or  pin)  appeared  at  least  once  in  each  position  of  a 
group  (i.e.,  1st,  2nd,  3rd,  ...  Nth). 

3.  Each  test  (or  pin)  was  followed  and  preceded  by  each  of  the  other 
tests  (or  pins)  at  least  once. 

4.  A  minimum  number  of  tests  were  performed  to  minimize  both  data 
and  test  run  times. 

5.  The  sequences  were  generated  automatically  within  the  test  pro¬ 
gram  to  facilitate  data  logging  and  reduction  and  to  minimize 
programming  errors. 

An  algorithm  was  developed  which  meets  these  sequencing  requirements. 

It  can  be  shown  that  for  any  even  N  tests  performed  in  sequence,  the 
minimum  number  of  test  runs  is  N,  for  a  total  of  N  tests.  For  odd  numbers 
the  number  of  test  runs  becomes  N+l,  for  a  total  of  (N  +  1)^  tests.  There¬ 
fore,  for  a  sequence  of  ten  tests,  the  minimum  matrix  of  tests  would  be 
as  shown  in  Table  3,  where  each  column  represents  a  test  run  of  ten  items. 

TABLE  3.  TEST  MATRIX  FOR  SEQUENCE  OF  TEN  MEASUREMENTS 


Sequence  Number 


1 

3 

5 

7 

9 

10 

8 

6 

4 

2 

1 

3 

5 

7 

9 

10 

8 

6 

3 

5 

7 

9 

10 

8 

6 

4 

2 

4 

2 

1 

3 

5 

7 

9 

10 

8 

5 

7 

9 

10 

8 

6 

4 

2 

1 

6 

4 

2 

1 

3 

5 

7 

9 

10 

7 

9 

10 

8 

6 

4 

2 

1 

3 

8 

6 

4 

2 

1 

3 

5 

7 

9 

9 

10 

8 

6 

4 

2 

1 

3 

5 

0 

8 

6 

4 

2 

1 

3 

5 

7 

In  order  to  use  the  same  algorithm  for  both  even  and  odd  numbers,  it 
becomes  necessary  to  generate  the  matrix  for  the  next  higher  even  number 
and  substitute  the  highest  odd  number  for  the  highest  even  number.  Thus,  a 
matrix  for  the  number  9  would  be  exactly  the  same  as  the  Table  3  example 
except  that  all  10s  would  be  replaced  with  9s.  This  substitution  generates 
some  redundancies,  but  in  order  to  conform  to  requirement  1,  that  all 
tests  be  run  in  groups  of  N,  the  step  is  unavoidable. 
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3.  INITIAL  PROGRAMMING  AND  TEST 


In  order  to  manipulate  test  sequences,  as  was  requi red  throughout  this 
investigation,  very  flexible  test  software  is  necessary.  Although  programs 
were  available  in-house  for  1 1  of  the  13  device  types  used,  the  existing 
software  for  8  of  these  was  found  not  to  be  sufficiently  flexible.  Therefore, 
new  programs  were  written  for  these  8  as  well  as  for  the  2  with  no  program, 
and  extensive  modifications  were  made  to  the  remaining  3  programs. 

Because  of  test  equipment  limitations,  some  tests  called  out  in  the  MIL-M- 
38510  slash  sheets  were  modified  or  eliminated,  as  indicated  in  Table  4. 

The  initial  programs  were  written  with  minimized  test  set-up  times. 
Minimum  time  between  measurements  was  sought,  but  the  constraints  of 
the  required  measurement  flexibility  forced  some  compromises.  A 
special  minimum-time-between-measurements  program  for  the  5400 
(/ 00104)  was  written  using  "brute -force "  techniques  limiting  the  use  of 
variables,  loops,  call  statements,  and  conditional  statements.  Then  the 
results  were  compared  to  the  corresponding  program  used  in  this  inves¬ 
tigation.  No  significant  measurement  differences  were  encountered  (see 
Table  5). 

Fifteen  devices  per  qualified  vendor  per  slash  sheet  were  purchased 
and  tested  to  the  conditions  of  the  appropriate  specification  (as  excepted  in 
Table  4).  Table  6  furnishes  a  summary  of  the  initial  test  results.  A  zero 
denotes  no  failed  devices  for  the  parameter  tested.  As  the  data  reveals, 
seven  device  types  remained  within  limits  throughout  the  testing.  In 
addition,  three  CMOS  device  types  remained  within  limits  except  that 
Vjcp  tests  required  a  delay  for  pin  condition  settling.  Only  three  device 
types  failed  any  of  the  parametric  tests,  and  these  failures  were  marginal. 
These  parts  were  carefully  included  in  the  groups  of  ten  parts  per  vendor 
per  slash  sheet  so  that  changes  in  test  method  which  might  permit  marginally 
failing  parts  to  pass  or  marginally  passing  parts  to  fail  might  be  more 
easily  detected. 
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TABLE  4.  EXCEPTIONS  TO  MIL-M-38510  TEST  CONDITIONS 


i  st 

i  j 


TABLE  5.  DATA  COMPARISON  BETWEEN  SPECIAL  PROGRAM  AND  INITIAL  PROGRAM 


TABLE  6.  SUMMARY  OF  INITIAL  TEST  RESULTS 
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i  J!  .1.  i  : 


N/  \ 
\/  \ 


1,  •  -.'I  :  ^ 
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N/A 

N  /  A 


\/  \ 
N  /  A 
N/A 


N/A 
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N/A 

N/A 
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4.  EFFECTS  OF  PIN  CONDITION  SETTLING  TIME 


TEST  DESCRIPTION 

Pin  condition  settling  time  is  the  time  between  establishment  of 
measurement  conditions  and  the  time  at  which  a  measurement  is  made.  In 
the  case  of  Ijj-j  on  5400  devices,  for  example,  all  pin  conditions  except  for 
those  on  the  pin  to  be  measured  were  set  up.  V  ^  was  forced  with  the 
appropriate  voltage  (5.5V)  and  the  other  inputs  were  grounded.  The 
specified  voltage  (2.4V)  was  forced  at  the  input  pin  at  some  time  t^.  The 
measurement  was  then  made  at  some  later  time  t^.  The  pin  condition 
settling  time  is  t^  -  t^.  The  purpose  of  this  study  was  to  determine  the 
effects  of  different  pin  condition  settling  times. 

The  baseline  programs  developed  for  the  initial  test  were  modified  by 
inserting  a  variable  delay  between  measurement  condition  setup  and  actual 
measurement  (Figure  2).  The  S-3260  test  systems  used  have  a  1  ms  mini¬ 
mum  pin  condition  settling  time  for  all  measurements  except  the  lowest 
range  (100  ma)  of  current  measurement.  This  system  value  is  limited  by 


1.0100  *  SN5400 

1.0200  »  UUADRUPLE  2  INPUT  POSITIVE  NAND  GATE 
4.9000  A  h  H  A  i  DUTCH) 

4.9100  PRESET  Uii-0, IP, 2M,4M,9N,99M, 999X1,9.999 
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44.0200  * 
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44.0800 
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AT 
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44.1110 
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44.1  300 
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Figure  2. 

Example  of  the  insertion  of  a  variable  delay- 

from  l  h  e 

program  used  fov-  the  5400  devices 
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the  time  that  it  takes  for  switching  reeds  and  the  measurement  system  to 
settle.  This  delay  is  part  of  the  system  hardware-software  interface  not 
subject  to  reduction  by  the  test  engineer.  Delays  of  0  ms,  1  ms,  2  ms, 

4  ms,  9  ms,  99  ms,  999  ms,  and  9-999  s  were  added  to  the  inherent  1  ms 
delay  of  the  test  system  to  give  measurement  delays  of  1  ms,  2  ms,  3  ms, 

5  ms,  10  ms,  100  ms,  1  second,  and  10  seconds.  Ten  parts  per  vendor 
per  slash  sheet  were  tested  at  each  delay  value,  except  1  second  and 

10  seconds.  Because  of  the  long  test  times  required  at  1  and  10  seconds 
per  measurement,  only  two  parts  per  vendor  per  slash  sheet  were  tested 
for  these  conditions.  Also,  input  current  measurements  on  CMOS  devices 
were  not  tested.  Because  of  delays  inherent  in  the  MC-1  low  current 
measurement  option  on  our  S-3260  (delays  which  can  reach  3  seconds  per 
measurement),  adding  extra  milliseconds  was  deemed  superfluous  and 
costly  in  terms  of  test  time. 

In  evaluating  the  data  for  low  current  measurements  (typically  IjHj  f° 
Schottky  or  low-power  Schottky  parts),  wide  measurement  swings  were 
observed  (see  Figure  3).  The  S-3260  tester  appears  to  be  responsible  for 

SETTLING  TIME  IN  MILLISECONDS 

2  3  5  10  100  1000 

10K  - . - 1 - 1 - 1 - 1 - 


24  24  24  24  2  4  24 

FREQUENCY  OF  OCCURRENCE 
-►  SYMBOUNDICATES  MEAN  VALUE 

Figure  3.  Large  variations  in  readings  of  54S74  devices  at  25°C 


CURRENT  IN  NANOAMPS 


this  inconsistent  data.  Repeatedly  measuring  current  on  a  fixture  with  no 
device  in  the  socket  and  plotting  the  current  measured  versus  the  delay  in  the 
measurement  shows  a  noise  with  a  frequency  of  between  120  and  150  Hz  and 
an  amplitude  that  depends  on  the  current  range  and  the  particular  S-3260 
system  used  (see  Figure  4).  The  amplitude  was  as  high  as  14.  5  nA  peak-to- 
peak  on  the  Ip  A  range  of  one  system,  and  as  high  as  9  nA  peak-to-peak  on 
the  100  nA  range,  whereas  it  was  necessary  to  measure  leakage  currents 
of  2  nA.  Fortunately,  one  system  had  much  smaller  variations  (2  nA  peak- 
to-peak).  Using  this  system,  with  5  nA  as  the  significance  guideline  on  the 
100  nA  range,  the  remainder  of  the  data  was  taken  without  further  difficulty. 

RESULTS  AND  CONCLUSIONS 

The  bulk  of  the  data  showed  no  dependence  on  pin  condition  settling  time. 
Table  7  summarizes  the  data  from  the  5400-type  devices  where  the  mean 
values  changedby  less  than  2  percent  in  all  cases.  It  would  be  expected  that 
measurements  requiring  significant  power  dissipation  would  be  dependent  on 
the  length  of  time  a  forcing  voltage  or  current  was  applied.  While  such 


TIME  IN  MUMSECONDS 

Figure  4.  Current  noise  in  S-3260  test  system,  1  pA  range  on  system  1 
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TABLE  7.  TYPICAL  PIN  CONDITION  SETTLING  TIME  DATA,  5400  DEVICES  AT  25°C 


1 


tendencies  were  observed  in  I^g  measurements  and  some  and 

measurements,  these  parameters  did  not  change  as  much  as  3  percent,  the 
value  used  as  a  significance  guideline  (Figures  5,  6, and  7).  Ij.^  readings  for 
Schottky  parts  rose  significantly  for  longer  delay  times  (Figure  8).  This  rise 
is  attributed  to  device  heating  during  prolonged  testing.  The  results  are 
nearly  constant  for  pin  condition  settling  times  of  1  to  10  milliseconds. 
Limiting  measurement  to  this  range  of  pin  condition  settling  time  would  ensure 
repeatable  results.  However,  bench  test  methods  require  longer  settling  times 
and  these  longer  times  are  more  representative  of  devices  in  a  hardware 
environment.  This  difference  could  be  recognized  by  tightening  the  limits  for 
Ijj_j  and  fCEX  when  measured  on  ATE.  Since  measured  1^  values  are  well 
within  specification  over  the  entire  temperature  range,  this  approach  would 
not  greatly  increase  the  number  of  rejected  devices. 


OELAY  IN  MILLISECONDS 
5  10 


1000 
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Figure  5.  Histogram  of  pin  condition  settling  time  percent- 
change  data  for  of  54S74  devices  at  3S°C 
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Figure  6.  Histogram  of  pin  condition  settling  time  percent  change 
data  for  I^g  of  54S00  devices  at  Z5°C 
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Figure  7. 
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of  pin  condition  settling  time  percent  change  data 
of  541b4  devices  at  Z5°C 
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CHANGE  IN  PERCENT  FROM  BASELINE  VALUES 


DELAY  IN  MILLISECONDS 

2  3  5  10  100  1000 


FREQUENCY  OF  OCCURRENCE 
—■ ►  SYMBOL  INDICATES  MEAN  VALUE 

Figure  8.  Histogram  of  pin  condition  settling  time  data  for 
^IH5  -’4S74  devices  at  Z5°C 
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5.  EFFECTS  OF  MEASUREMENT  SEQUENCE  OF 
DIFFERENT  DC  PARAMETERS 


TEST  PROCEDURE 

This  study  was  designed  to  determine  whether  the  sequence  in  which 
various  parameters  are  measured  affects  the  measured  value.  For  example, 
does  the  I^j  value  obtained  when  Ijijj  is  the  first  measurement  performed 
differ  from  the  value  obtained  when  is  measured  immediately  after  Iq^? 

The  initial  test  programs  were  modified  for  this  study.  Parameters  were 
measured  on  a  single  representative  pin,  each  parameter  measurement  w as 
made  into  a  subroutine,  and  the  algorithm  discussed  in  Section  2  was  used  to 
generate  the  sequences  in  which  the  parameters  were  called.  Figure  9  dia¬ 
grams  the  program  flow  for  this  study. 

RESULTS  AND  CONCLUSIONS 

It  might  be  expected  that  measurements  sensitive  to  temperatures,  when 
taken  after  measurements  requiring  high  power  dissipation  (i.  e.  ,  I^g), 
would  show  a  sequence  sensitivity.  This  was  not  found  to  be  the  case. 

Table  8  shows  that  and  Ij^j  readings  for  each  device  under  test  (DU T) 

did  not  show  a  dependence  on  position  with  respect  to  I^g.  Indeed,  no  sig¬ 
nificant  deviations  were  found  during  this  portion  of  the  study.  Two  factors 
which  contribute  to  this  sequence  independence  are  the  following: 

1.  Short  measurement  times  and  low  duty  cycles  do  not  permit  very 
much  device  heating,  even  during  IoS  measurements. 

2.  Ther  moStr  earn®  cooling  (described  in  Section  6)  minimizes  device 
heating  effects. 

As  was  found  in  the  pin  condition  settling  time  study  (Section  4)  and  the 
differently  defined  ambient  temperature  study  (Section  7),  longer  measure¬ 
ment  times  and  a  warmer  thermal  environment  lead  to  device  heating 
and  a  change  in  temperature  sensitive  parameters  such  as  1^  ^  and  I(.  j,^,.  To 
demonstrate  this.  Ini]  °f  the  54S00  devices  was  measured  after  lyg  tests  in 
which  the  part  was  allowed  1  second  for  pin  condition  settling  time  during 
each  Iqj.  measurement.  The  mean  1^  values  measured  were  40  percent 
greater  than  when  measured  after  measurements  with  1  millisecond 

settling  times. 
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conrl  delay  is  inserter!  in  each  Iqc;  test,  this  figure  increases  to 
40  Di  rc  ent  inc  rease. 


b.  EFFECTS  OF  TEMPERATURE  SEQUENCE 


TEST  PROCEDURE 

Using  the  Tempt ronic  TP450A  ThermoStream®  unit  (Figure  ]0)  to  vary 
the  temperature  envi  ronment,  all  part  types  were  tested  as  described  in 
Section  1  at  the  three  temperatures  specified  in  the  appropriate  MIL-M- 
385  10  slash  sheet  for  the  six  combinations  of  three-temperature  sequences. 

A  programmed  30- second  delay,  accurate  to  within  a  few  microseconds,  was 
added  to  stabilize  the  OUT.  The  worst  rase  temperature  differential,  +  I Z  5  cC 
to  -55°C,  was  accomplished  in  less  than  1  minutes  under  computer  control. 

The  high  volume  of  air  flow  delivered  by  the  ThermoStream'®  across  the 

device  under  test  maintains  the  temperature  throughout  the  testing  cycle.  \ 

All  temperature  sequencing  was  also  under  computer  control  to  ensure  that 
all  devices  were  tested  under  the  same  conditions, 

t 

RESULTS  AND  CONCLUSIONS 

With  this  test  technique,  CMOS  input  currents  exhibited  unusual  behavior , 
but  their  behavior  was  not  sequence  related.  Rather,  it  was  almost  random. 

The  problem  was  isolated  to  a  bad  reed  in  the  MC-1  low  current  measure¬ 
ment  option,  and  the  tests  were  repeated  using  a  spare  unit. 

CMOS,  Schottky,  and  low-power  Schottky  leakage  current  (1^, 
readings  taken  at  1Z5°C  during  retest  exhibited  a  dependence  upon  previous 
temperature  (Figure  11).  Readings  at  1Z5°C  were  approximately  Z°  warmer 
when  preceded  by  Z5°C  measurement  than  when  preceded  by  a  -55°C  mea¬ 
surement.  Increasing  the  stabilization  time  to  bO  seconds  reduced  this 
dependence  significantly.  A  similar  difference  was  noted  in  25tC  readings. 

Those  readings  taken  after  125°C  readings  showed  larger  leakage  currents 
than  those  taken  after  -55°C  readings  (Figure  1Z).  Again,  increasing  stabi¬ 
lization  to  »>()  seconds  reduced  the  difference.  The  discrepancies  were 
caused  lay  the  devices  not  reaching  a  stabilized  temperature  when  allowed 
only  a  30  second  wait.  Also,  no  differences  were  noted  in  the  -58°c  data 
because  the  length  of  time  required  to  cool  to  -58 °C  with  the  Temptromc 
TF450A  provided  a  built-in  delay  adequate  to  stabilize  the  device  under  test. 
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of  54LS00  devices  at  \Z5 
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Figure  12.  Ijj[j  of  54FS00  devices  at  2 5  C  after  tO  second 
stabilization  time*  from  previous  temperature. 
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ADDITIONAL  TESTING 

A  short  study  to  determine  temperature  differentials  versus  stabilization 
time  by  com  puting  temperature  from  measured  leakage  cur  rent  yielded  the  data 
shown  in  Figure  13.  This  method  was  used  instead  of  the  mo  re  accurate  Vpp  mea¬ 
surement  to  be  described  in  Section  7  because  large  quantities  of  data 

had  already  been  acquired  which  contained  leakage  currents  but  not  V_„  data. 

x  r 

The  temperature  was  calculated  from  leakage  currents  rather  than  measured 
with  a  thermocouple  because  junction  temperature,  not  case  temperature, 
was  desired.  Since  this  data  is  very  dependent  on  the  thermal  equipment 
used,  its  cooling  and  heating  rates,  and  the  flow  rate  of  the  airstream,  the 


MEASURED  FROM  THE  POINT  IN  TIME  AT 
WHICH  THE  GAS  STREAM  REACHES  125°C 

Figure  13.  Temperature  of  the  DUT  versus  stabilization  time. 
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data  is  given  tor  illustration  only,  and  is  not  universally  applicable.  The 

3 

flow  rate  of  the  TP450A  was  approximately  3  ft  /min  across  the  device. 


.18 


c  ***>’. 


•i  -  - 


7.  EFFECTS  OF  DIFFERENTLY  DEFINED  AMBIENTS 


TEST  PROCEDURE 

The  effects  of  the  differently  defined  ambient  temperature  environments 
were  studied.  All  samples  were  tested,  using  the  initial  test  programs  and 
the  four  temperature  environments  defined  below: 

Method  1  Still  air  temperature.  The  temperature  of  the  DUT  was 

stabilized  using  moving  air,  and  then  shutting  off  the  airflow 
and  making  the  measurements. 

Maximum  drift  of  the  DUT  temperature  because  of  internal 
heating  of  the  device  is  to  be  expected  with  this  method.  Rela¬ 
tive  humidity  is  kept  below  40  percent  by  using  dry  nitrogen  as 
the  ambient  atmosphere. 

Method  l  Moving  air  temperature  (at  least  50  ft/ sec).  This  method  uses 
a  Temptronic  TP450A  ThermoStream®  system  with  a  dry 
nitrogen  source  to  maintain  relative  humidity  well  below  40 
percent.  This  method  holds  the  temperature  of  the  DUT  closer 
to  the  ambient  temperature  called  out  in  the  test  specification 
than  Method  1.  Some  minor  temperature  drift  occurs,  depend¬ 
ing  on  power  dissipation,  thermal  resistance,  and  thermal  time 
constant  of  the  device. 

Method  3  Case  temperature  in  still  air.  This  method  uses  a  thermal 

probe  with  thermal  transfer  cream  applied  to  the  probe  tip  for 
maximum  thermal  conductivity.  Relative  humidity  is  main¬ 
tained  below  40  percent  by  surrounding  the  DUT  with  a  chamber 
that  is  purged  by  a  small  flow  of  dry  nitrogen  (see  Figure  14). 
This  method  was  used  on  two  parts  per  vendor  per  slash  sheet. 
Test  results  followed  closely  those  from  Method  1  when  ade¬ 
quate  soak  time  was  given  before  shutting  off  the  air  flow. 


Figure  14.  Chamber  surrounding  DUT  to  maintain  relative  humidity 

below  40  percent 


Method  4  Case  temperature  in  fluorocarbon.  Especially  for  large  volume 
testing,  this  is  an  alternative  method  for  controlling  Tq  in  still 
air.  Because  of  the  liquid -to-DUT  interface,  this  method  main¬ 
tains  DUT  case  temperature  (T q)  closer  to  specified  than  the 
other  three  methods.  Relative  humidity  in  the  fluorocarbon  bath 
is  negligible. 

V„_,  MEASUREMENT 

r  t 

A  modified  V^  measurement  (designated  Vp^)  was  used  to  indicate  the 
relative  drift  of  DUT  chip  temperature  away  from  specified  T^  as  a  function 
of  differently  defined  ambient  temperatures. 

VpF  at  an  inPut  pin  (Vf  the  input  emitter -base  diode,  in  parallel  with 
Vf  °£  the  input  clamp  diode)  varies  with  the  internal  temperature  of  the  two 
diodes.  Therefore,  performing  a  VfF  measurement  on  one  input  pin  of  the 
DUT  immediately  before  and  immediately  after  the  electrical  test  sequence 
gives  an  indication  of  how  much  the  DUT  internal  temperature  has  drifted 
from  the  specified  ambient  temperature.  To  minimize  internal  heating  from 
the  VFF  measurement,  a  forcing  current  of  2  mA  is  used. 

RESULTS  AND  CONCLUSIONS 

Before  examining  the  test  results,  calculations  were  performed  to 
estimate  the  temperature  rises  expected  from  the  study.  These  estimates 
assume  a0j^  of  ZO°C/W  for  a  14  pin  ceramic  dual-in-line  packaged  device 
in  fluorocarbon  and  0j^  of  70°C/W  in  still  air.  These  values  are  tabulated 
in  Table  9  along  with  the  temperature  values  obtained  using  the  Vpp 
measurements. 

The  experimental  data  are  consistently  smaller  than  the  estimates  made. 
This  is  because  the  DUT  did  not  reach  equilibrium  temperature  during  test 
If  the  DUT  were  continuously  retested,  the  data  from  the  Vpp  measurements 
would  more  closely  correspond  to  the  estimates.  This  was  verified  for  the 
54S74s,  which  after  10  minutes  of  continuous  test  time  closed  to  within  0  5 °C 
of  the  estimated  values.  For  those  devices,  when  equilibrium  temperatures 
were  reached  in  still  air,  the  temperature  d  iffe  rent  lal  s  are  large  enough  to 
influence  propagation  delay  time  measurements  as  well  (Table  10). 

l  or  the  CMOS  parts  in  this  study,  the  temperature  rise  in  any  of  the 
test  environments  is  verv  small,  and  no  greater  than  the  differential  arising 
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from  bringing  tin-  part  to  temperature  on  two  different  occasions  and  taking 
nn-asiiri-mcnts.  For  tin-  Schottky  parts,  hmn-vi-r,  tin-  tcinpcraturc  differen¬ 
tial  between  still  air  and  the  moving  gas  or  fluorocarbon  bath  is  sufficiently 
large-  to  cause  changes  in  leakage  current  measurements. 

For  the  54H00  and  the  54H74,  the  temperature  differential  between 
devices  tested  in  a  still-air  environment  and  those  tested  in  a  fluorocarbon 
bath  should  increase  both  thermal  leakage  currents  and  1^.  However, 
thermal  diode  leakage  is  only  a  small  part  of  I  ^  on  these  gold  doped  devices 
and  no  measurements  on  these  devices  are  sufficiently  temperature  sensi¬ 
tive  for  the  temperature  rise  to  cause  a  significant  parameter-measurement 
change . 

While  the  remaining  parts  exhibit  some  small  temperature  differential 
between  still-air  and  fluorocarbon  testing,  these  temperatur e  differentials 
are  too  small  to  affect  parameter  measurements. 

The  data  indicate  that  both  fluorocarbon  bath  and  gas -stream  testing 
produce  similar  results  and  that  still-air  testing  results  in  higher  junction 
temperatures  with  the  differential  being  dependent  upon  device  power  dis¬ 
sipation.  For  the  simple  devices  (small  scale  or  medium  scale  integra¬ 
tion)  of  this  study,  small  parameter  measurement  variations  occur  for 
Schottky  parts.  However,  no  LSI  parts  were  studied.  This  data  should  not 
be  extrapolated  to  parts  with  higher  power  dissipations,  such  as  a  Schottky 
PROM,  or  to  parts  where  test  times  are  sufficiently  long  to  enable  T.  to 
reach  thermal  equilibrium,  as  in  a  16K  RAM.  Rather,  additional  data  must 
be  obtained.  It  has  been  our  experience  that  the  junction  temperature  differ¬ 
ential  between  still-air  and  the  fluorocarbon  bath  is  sufficient  in  bipolar 
RAMS  at  -55°C  to  cause  parts  to  pass  in  still  air  and  fail  in  the  fluorocarbon 
bath. 
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TABLE  10.  SCHOTTKY  FLIP-FLOP  PARAMETERS  AS  FUNCTION  OF 
ENVIRONMENT  AFTER  STABILIZATION  (10  MINUTE  OPERATION) 

Temperature  Ambient  (T^  =  125°C) 


Method  2 

Method  4 

Fluorocarbon 

Method  1 

Thermo  - 

Fluo  ro - 

without  10  Min 

Parameter 

Still  Air 

St  ream 

c  a  rbon 

Device  Operation 

Units  , 

T 

PLHj 

8.  36 

7.  96 

8.  32 

8.  16 

ns 

T 

PLH2 

11.  1 

11.2 

11.1 

11.0 

ns 

!;■' 

T 

PHL2 

9.  48 

8.  86 

9.  00 

8.  97 

n  s  * '  \ 

TPHL3 

1  3.  6 

12.  2 

12.  7 

12.  7 

(-• 

ns  ! 

T 

phl4 

8.  12 

7.  50 

7.  71 

7.  64 

ns  » 

VOL 

297 

300 

299 

300 

f 

mV  ! 

VOH 

3.  021 

2.  955 

2.  940 

2.  939 

V 

!OS 

-69.  25 

-69.  65 

-69.  55 

-69.  72 

mA 

1  5.  9 

9.  86 

8.  62 

8.  01 

mA 

IlHZ 

33.  7 

21.  1 

18.  3 

17.  1 

M-  ■* ' 

'in  3 

12.  2 

8.  1  4 

6.  88 

6.  39 

pA 

IlH4 

51.9 

31.  3 

27.  3 

25.  9 

6  A 

'-s 

76.  9 

46.  2 

40.  3 

38.  1 

h  A 

i  j 

-1.46 

-  1 .  48 

-1.  49 

-  !  .  40 

mA  j 

i  j 

'IL2 

-  3.  84 

-  3.  92 

-4.01 

-4.  06 

mA 

-2.  86 

-2.  88 

-2.  90 

-2.91 

mA 

'IL4 

-2.  80 

-2.  82 

-2.8  3 

-2.  84 

in, A  j'i 

■cc 

31.6 

31.9 

32.  0 

32.  1 

| 

n  i  A  | 

i 

Vex 

2.  34 

1.53 

1.  32 

1.21 

8  A  [ 

3  3 

I 

* 

,-'*v  ^ 

;  •  .  . 
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8.  EFFECTS  OF  VARIABLE  MEASUREMENT  CONDITIONS 


TEST  DESCRIPTION  AND  PROCEDURE 

This  task  began  with  an  inspection  of  the  MIL-M-38510  slash  sheets  and 
a  listing  of  all  conditions  that  could  have  ambiguous  interpretations.  Three 
potential  problems  were  identified  for  investigation: 

1.  Pulse  characteristics,  such  as  rise  and  fall  times  and  set-up  and 

hold  times  are  often  defined  only  by  a  maximum  or  minimum  time 

( i .  e .  ,  t  £  10  ns  or  t  .  2  20ns). 

r  set-up 

2.  Input  variables  for  functional  tests  are  defined  over  a  range  of  values 
(i.  e.  ,  VIL  -0.8V). 

3.  Clock  rate  or  pulse  repetition  frequency  for  the  functional  or  truth 
table  test  (subgroups  7  and  8)  is  not  specified. 

Because  of  past  experience  with  many  of  these  conditions,  it  was  apparent 
that  testing  at  25°C  would  not  be  sufficient  to  provide  the  needed  information. 
Therefore,  these  tests  were  performed  at  all  three  temperatures. 

Examining  Figure  13  shows  that  propagation  delay  times  can  be  affected 
by  input  rise  and  fall  times,  and  by  the  value  used  to  trigger  comparators  to 
start  and  stop  the  timing  measurements.  The  difference  in  the  timing  mea¬ 
surement  t  ...  is  the  difference  between  the  time  at  which  the  input  waveform 
dil 

crosses  the  actual  input  threshold  of  each  device  and  the  time  at  which  it 
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Figure  13.  At 


crosses  the  assumed  threshold  upon  which  the  measurement  is  based.  This 
time  difference  is  proportional  to  the  voltage  difference  between  actual  and 
assumed  threshold  values  and  to  the  input  rise  or  fall  time.  Since  the  rise 
and  fall  times  are  somewhat  dependent  on  V  and  ,  these  values  also 
become  important. 

Input  rise  and  fall  times  were  increased  from  4  to  10  nanoseconds  by 

capacitively  loading  the  input  drivers,  and  the  devices  were  retested  to  the 

initial  program.  These  results  were  then  compared  to  the  initial  data. 

Input  variables  for  the  truth  table  tests  are  loosely  defined.  Typically, 

input  conditions  such  as  Viu  i  V...  i.  and  0  i  Vtl  i  Vn  are 

r  ulmin  1H  CC  IT  1Lniax 

permitted.  Further,  the  pulse  repetition  rate  is  not  specified.  This  allows 
results  of  truth  table  testing  at  pulse  repetition  rates  approximating  zero, 
using  input  signals  with  0V  to  5V  swings,  to  be  compared  to  results  of  test¬ 
ing  with  a  pulse  repetition  rate  (PRR)  of  f^,^^  and  input  signal  swings  of 

VlL  to  V1H  •  To  demonstrate  the  resulting  differences,  the  devices 
max  min 

were  tested  by  varying  V^j,  V^,  and  PRR  at  the  three  temperatures. 
RESULTS  AND  CONCLUSIONS 

Increasing  the  input  rise  and  fall  times  from  4  to  1 0  nanoseconds  did 
not  affect  the  timing  data  significantly.  Figure  16  shows  initial  data  anrl  the 
data  generated  using  increased  rise  and  fall  times  for  54S74  devices.  A 
Schottky  device  was  chosen  for  illustration  since  any  change  in  t^^  becomes 
a  significant  percentage  of  a  time  measurement. 

While  5400  and  54H00  devices  proved  insensitive  to  V  ,  and  PRR 

variations,  the  54S74  and  54LSJ(^5  devices  demonstrated  considerable  sen¬ 
sitivity  to  and  PRR  at  1^5°C.  A  chart  of  V  ^  Vl‘rsus  frequency  versus 

pass-fail  at  l£5 °C  (Figure  17)  illustrates  that  worst  case  testing  (Vn  , 

max 

V^h  ,  will  fail  many  devices  which  pass  less  severe  nominal 

testing.  To  ensure  repeatability,  ar>d  PRR  must  all  be  specified 

in  narrower  ranges.  PRR  could  conveniently  be  specified  either  as  1  mega¬ 
hertz  (which  is  an  easily  programmed  value  that  is  fast  enough  not  to  slow¬ 
down  test  equipment  and  is  standard  for  propagation  delay  measurements)  or 
as  the  specified  limit  if  worst  case  is  truly  desired.  In  the  latter  case, 

it  must  be  pointed  out  that  many  automated  teste  rs  are  not  capable  of  per¬ 
forming  the  truth  table-  te-st  at  f^  Similarly,  V  and  Vjj|  must  be 

specified  over  much  tighte  r  limits. 
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Figure  lb.  Histograms  of  Tpm^  data  for  54S74  devices  at  25°C  using 
standard  (3.5  to  4  nanosecond)  and  10  nanosecond  rise  and  fall  times. 


Since  the  truth  table  tests  are  the  only  tests  in  Table  III  of  the  specifi¬ 
cation  that  can  indicate  whether  the  device  meets  V..  and  V... 

lljniax  “‘min 

requi  rements  dynamically,  specifying  that  input  levels  be  V  j  Lmax  and 
V 1 1 1  m i n  wou'd  provide  such  an  indication  and  assurance.  By  specifying  the 
sequence  of  the  propagation  delay  time  measurements  of  Table  III,  sub¬ 
group  9  of  the  spec  i  ficat  ions ,  the  truth  table  of  the  device  can  be  tested  with 
out  using  the  subgroup  7  tests.  Therefore,  if  it  is  not  intended  that  a 

Vrri  or  Vrr  reoui  rement  be  met,  the  truth  table  test  of  subgroup  7 

11  'min  l  Hmax 

could  be  deleted  as  redundant  provided  that  the  sequence  in  which  the  sub¬ 
group  9  measurements  are  made  is  specified  and  that  this  sequence  covers 
all  state  changes  of  the  OUT. 
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FFFECTS  OF  SEQUENCE  IN  TIME  MEASUREMENTS 


TEST  PROCEDURE 

This  study  determined  the  effects  of  varying  the  order  in  which  the 
timing  measurements  of  Subgroup  m  the  specifications  for  flip-flops, 
counters,  and  a  shift  register  are  performed.  The  initial  programs  were 
modified  by  deleting  the  Subgroup  1  and  Subgroup  7  tests  and  deactivating  the 
temperature  loops.  The  timing  measurements  were  subroutined,  and  a  com¬ 
prehensive  set  of  sequences  of  timing  measurements  were  run. 

RESULTS  AND  CONCLUSIONS 

No  effects  of  sequence  in  time  were  found  in  the  data.  Table  11  illus¬ 
trates  the  similarity  of  the  data  from  different  sequences  run  on  f>4S74s 
and  Table  Id  similarly  illustrates  the  44LSdl,S  data. 

W  hile  no  significant  changes  resulted  from  a  change  in  test  sequence,  it 
is  not  clear  that  the  MIL-M- 38510  slash  sheets  adequately  specify  the  pre¬ 
conditioning  required  before  each  test  is  run.  Nor  does  M1L-STD-883, 
Method  3003.  1,  Paragraph  3.  1  clarify  this  problem.  W  ithout  additional 
preconditioning  information,  the  test  conditions  are  almost  meaningless. 

For  example,  in  MIL-M-  IS  s  1  0  /  'K '  .  Page  71  (Figure  18),  after  running 
Test  lf>3,  all  outputs  are  in  a  low  state.  Before  Test  lf>(>  can  be  run, 
must  be  brought  back  to  a  high  state  so  that  a  high-to-low  transition  can 
occur.  The  specification  shows  a  transition  in  Figure  8,  but  nowhere  speei- 
!n's  what  preconditioning  is  required  to  restore  Q^  to  a  logic  1.  or  that 
preconditioning  is  necessary.  If  a  high  state  is  present  at  all  outputs  before 
Test  Ion,  Tests  lno  through  17d  can  be  run  in  sequence  without  further  pre- 
conditioning.  Running  in  other  sequences  requires  additional  preconditioning 
Thereforc.it  would  i>e  effii  ient  to  specify  the  order  in  which  Subgroup  4  tests 
are  to  be  run  to  minimi/e  the  additional  preconditioning  information  required 


TABLE  11.  REPRESENTATIVE  54S74  SEQUENCE  IN  TIME  DATA 


Sequence  Number 


Test  Number 

1 

4 

7 

10 

13 

16 

88 

5.  52 

5.  49 

5.  56 

5.  51 

5.  54 

5.  50 

89 

6.2  0 

6.  17 

6.19 

6.23 

6.21 

6.25 

90 

5. 88 

5.  84 

5.  86 

5.  88 

5.93 

5.  92 

91 

6.04 

6.04 

6.03 

6.07 

6.06 

6.01 

92 

8.  17 

8.15 

8.  17 

8.  16 

8.  16 

8.  14 

93 

10.  30 

10.  34 

10.28 

10.  30 

10.  35 

10.  31 

94 

7. 62 

7.  58 

7.60 

7.  59 

7.60 

7.61 

9  5 

8.  89 

8.  92 

8.  88 

8. 86 

8.  89 

8.  90 

96 

8.  78 

8.  81 

8.  76 

8.  74 

8.  79 

8.  78 

97 

8.  91 

8.  86 

8.  96 

8.94 

8.  88 

8.  90 

98 

9.61 

9.  58 

9.64 

9.  58 

9.  62 

9.62 

99 

9.37 

9.  36 

9.40 

9.  35 

9.  39 

9.  34 

100 

6.6  2 

6 . 66 

6.62 

6.64 

6.62 

6.  60 

101 

7.  78 

7.  79 

7.  78 

7.  74 

7.  81 

7.  77 

102 

9.05 

9.09 

9.07 

9.02 

9.06 

9.08 

103 

10.  76 

10.  77 

10.  80 

10.  75 

10.  76 

1  0.  81 

104 

6.2  5 

6.23 

6.2  8 

6.28 

6.  28 

6.26 

105 

7.  13 

7.  12 

7.  1  1 

7.  1  5 

7.  09 

7.  10 

106 

8.85 

8.  84 

8.  81 

8.  82 

8.  87 

8.  83 

107 

11.14 

11.17 

11.17 

11.16 

11.10 

11.10 

All  data  in  nanoseconds.  T  .  =  25°C 

A 
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5.  5b 
6.19 
5.  85 
6.07 
8.12 
10.  33 

7.  64 

8.  89 

8.  77 

8.  88 

9.  59 
9.  35 
6 . 6  5 
7.  77 
9.07 

10.  78 
6.2  7 

7.  10 

8.  82 

11.16 
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TABLE  12.  REPRESENTATIVE  54LS295  SEQUENCE  IN  TIME  DATA 


Sequence  Number 


Test 


Number 

1 

5 

9 

1  3 

17 

21 

25 

29 

81 

23.6 

23.  3 

23.4 

23.6 

23. 

6 

23.  4 

23.  5 

23.  5 

83 

25.  0 

24.  4 

24.  7 

24.  4 

24. 

9 

25.  0 

24.  6 

24.7 

85 

23.  4 

23.  5 

23.  2 

23.  6 

23. 

4 

23.  4 

23.  4 

23.  5 

87 

23.  5 

23.  2 

23.  3 

23.  7 

23. 

3 

23.2 

23.  5 

23.  4 

89 

22.0 

2  3.2 

22.9 

22.  7 

22. 

2 

22.3 

22. 4 

22.  8 

91 

22.0 

23.  1 

22.  8 

22.6 

22. 

2 

22.  3 

22.4 

22. 7 

9  3 

21.4 

22.  7 

22.3 

22.2 

21. 

8 

21.8 

21.9 

22.2 

9  5 

21.2 

22.7 

22.  1 

22.2 

21. 

9 

21.8 

21.8 

22.0 

97 

25.  7 

26.  1 

25.  2 

26 . 6 

26. 

1 

26 . 6 

25.  3 

26.  0 

99 

2  5.  8 

26.  3 

25.  4 

26.7 

26. 

2 

26.  7 

25.  3 

26.  1 

101 

13.9 

13.  7 

13.  8 

13.  8 

13. 

8 

13.6 

13.8 

13.6 

103 

13.  8 

13.  8 

13.  7 

13.9 

13. 

8 

13.  8 

13.  7 

13.  7 

105 

24.  7 

26.  3 

24.  5 

23.  1 

26. 

3 

26.6 

25.  4 

23.2 

107 

23. 6 

25.  2 

23.  5 

22.2 

25. 

3 

25.  5 

24.  3 

22.2 

109 

20.  5 

21.  1 

20.  6 

20.  3 

20. 

3 

20.  1 

20.  1 

20.  9 

111 

20.  4 

20.  3 

20.  3 

20.2 

20. 

2 

20.2 

20.  0 

20.  4 

All  data  in  nanoseconds.  T  =  2  5°C 


t 
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10.  EFFECTS  OF  MEASUREMENT  SEQUENCE 
OF  THE  SAME  (DC)  PARAMETER 


TEST  DESCRIPTION  AND  PROCEDURE 

In  Section  5,  the  effects  of  measurement  sequence  of  different  DC 
parameters  are  evaluated.  In  that  study  only  a  single  pin  was  measured  for 
each  parameter.  In  this  study  the  sequence  in  which  the  different  param¬ 
eters  were  measured  remained  as  in  the  initial  programs,  but  for  each 
parameter  the  sequence  in  which  appropriate  pins  were  measured  was 
varied.  The  resultant  data  was  analyzed  to  identify  any  measurement 
dependence  upon  the  sequence. 

RESULTS  AND  CONCLUSIONS 

No  sequence  sensitivities  were  encountered.  Tables  13  through  15  give 
data  for  some  parameters  for  the  54LS00,  54164,  and  54H74  devices.  As 
a  note  of  caution,  however,  if  VQ^,  VOL’  or  *OS  se<3uences  are  altered, 
preconditioning  may  be  required  just  as  in  the  propagation  delay  time 
sequences  discussed  in  Section  9.  Without  this  preconditioning,  parts  will 
fail  V  and  V  tests  if  they  are  in  the  wrong  state.  Although  they  may 

pass  the  I^g  test,  the  parameter  measured  will  not  be  I^g  since  the  part 
will  be  in  the  wrong  output  state.  Since  some  specification  sequences  do  not 
require  preconditioning  and  many  other  sequences  do,  it  is  important  to 
specify  that  V_TI,  I  _  c ,  and  V  tests  be  done  in  sequence  in  order  to  pro- 

vJ  I  l  Uo  V_) 

vide  the  required  preconditioning. 
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TABLE  13.  54164  SEQUENCE  OF  SAME  PARAMETER  DATA  FOR  V 

U  i-j 


Sequence  Number 


Pin 

1 

2 

3 

4 

5 

6 

7 

8 

qa 

211.8 

215.  4 

212.  4 

211.4 

211.5 

213.  7 

213.  3 

212.1 

qb 

209. 4 

214.  3 

211.4 

210.9 

210.  4 

212.  1 

211.9 

210.  3 

Qc 

211.7 

218.  3 

210.  0 

211.7 

211.7 

213.4 

213.  1 

212.  4 

qd 

211.4 

219.  8 

212.2 

212.9 

212.6 

211.8 

212.8 

211.9 

qe 

211.4 

216.  3 

211.8 

210.  7 

212.3 

213.2 

211.7 

213.1 

qf 

212.2 

216.  7 

213.  1 

212.  5 

212.2 

211.8 

214.  9 

21  3.  3 

o 

a 

212.  7 

216.6 

212.  8 

211.9 

212.0 

212.9 

214.2 

214.6 

qh 

213.8 

218.  4 

212.6 

212.  1 

215.6 

213.7 

214.  3 

21  5.  2 

11  data  in  mV. 

r>-» 

"a  - 

2  5°C 

TABLE  14.  54LS00  SEQUENCE  OF  SAME  PARAMETER  DATA  FOR  IjH 


Sequence  Number 


Pin 

1 

2 

3 

4 

C 

6 

7 

8 

1  A 

2.23 

2.  33 

2.25 

2.28 

2.  18 

2.28 

2.  38 

2.23 

IB 

1 . 70 

2.03 

1 . 78 

1 . 83 

1 . 80 

1.73 

1 . 98 

2.  05 

2  A 

2.  18 

2.10 

2.20 

2.  25 

2.15 

2.20 

2.28 

2.23 

2  B 

1 . 90 

2.05 

2.  1  5 

2.  18 

1 . 90 

1 . 93 

2. 00 

1 . 99 

3  A 

2.00 

2.23 

2.18 

2.23 

1.93 

2. 03 

2.08 

2. 05 

3  B 

1.98 

1.98 

2.08 

1 . 98 

2.  06 

1 . 98 

2.03 

1  .  ','8 

4  A 

2.  1  5 

1 . 98 

2.10 

2.  03 

1.98 

1 . 95 

2.0  5 

2.0  3 

413 

1 . 73 

1 . 80 

1 . 95 

1 . 85 

1 . 83 

1 . 80 

1 . 83 

1  .  78 

All  data  in  nA.  T  2 5°C 
A 
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TABLE  15.  54H74  SEQUENCE  OF  SAME  PARAMETER  DATA  FOR  V 


rc 

Sequence  Number 


Pin 

1 

2 

3 

4 

5 

6 

7 

8 

D 1 

-0. 869 

-0. 870 

-0. 867 

-0. 868 

-0.869 

-0. 870 

-0. 867 

-0. 868 

Clock  1 

-0. 866 

-0. 866 

-0. 867 

-0.  865 

-0. 866 

-0. 864 

-0. 863 

-0. 867 

Clear  1 

-0. 844 

-0. 842 

-0. 843 

-0. 844 

-0. 845 

-0. 844 

-0. 846 

-0.843 

Preset  1 

-0.848 

-0. 845 

-0. 848 

-0. 847 

-0. 848 

-0. 846 

-0. 847 

-0. 848 

D2 

-0. 861 

-0. 859 

-0. 861 

-0.  861 

-0. 860 

-0. 862 

-0. 859 

-0. 861 

Clock  2 

-0. 861 

-0. 860 

-0. 862 

-0.  862 

-0.859 

-0.861 

-0.860 

-0.860 

Clear  2 

-0.  840 

-0. 843 

-0.  842 

03 

O 

i 

-0. 840 

-0. 840 

-0. 842 

-0. 841 

Preset  2 

-0.  845 

-0. 846 

-0.  843 

-0. 845 

-0. 844 

-0. 845 

-0. 845 

-0. 846 

All  data  in  volts.  T.  -  25°C 
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11.  EFFECTS  OF  PIN  APPLICATION  SEQUENCE 


TEST  DESCRIPTION  AND  PROCEDURE 


All  tests  in  Subgroups  1,  7,  and  9  were  run  with  a  comprehensive  set  of 
pin  condition  application  sequences  within  the  constraints  of  the  specification. 
Since  it  was  considered  mandatory  to  connect  GND  and  V qq  at  the  beginning 
of  each  test  run  to  avoid  damaging  CMOS  devices,  we  followed  this  practice 
rather  than  including  them  in  the  pin  application  sequence.  Taking  Y'oh  test 
numbers  1  through  4  as  an  example  from  MIL- M- 385  1  0 / 3 0  1  02,  we  have  the 
following  pin  conditions  for  tests  1  through  4. 


TABLE  16.  V  TEST  PIN  CONDITIONS  (D-TYPE  FLIP-FLOP) 


Pin 

CLR 

D 

CLK 

PR 

Q 

Q 

Test  1 

0.7  V 

2.0  V 

GND 

2.0  V 

-0.  4  mA 

Test  2 

2.0  V 

2.0  V 

GND 

0.  7  V 

-0.4  m A 

Test  3 

2.0  V 

2.0  V 

c  y 

2.0  V 

-0.4  mA 

Test  4 

2.0  V 

0.7  V 

C 

2.0  V 

-0.4  m  A 

y 

C  =  - 

_  _  ov 

The  conditions  whose  sequence  of  application  were  varied  were  0.7  V, 
2.0  V,  GND  or  C,  and  -0.4  mA. 

RESULTS  AND  CONCLUSIONS 

Whenever  valid  data  was  obtained,  it  showed  no  dependence  on  pin 
application  sequence.  However,  a  random  pin  application  sequent  e.  espe¬ 
cially  with  clocked  data,  does  not  necessarily  lead  to  valid  data.  In  tests  t 
and  4,  if  the  clock  pulse  is  applied  before  input  conditions  are  established  on 
I),  the  outputs  may  assume  the  complement  state,  resulting  in  improper  test 
conditions  for  a  ^Qjj  measurement.  In  addition,  in  devices  where  outputs 
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are  fed  back  to  gates  that  drive  the  complement  output  (such  as  this 
flip-flop),  the  application  of  the  load  to  the  output  after  input  conditions  are 
stabilized,  or  after  the  connection  of  a  voltmeter  (a  capacitive  short),  can 
frequently  cause  the  output  to  change  state,  resulting  in  invalid  data. 

Since  this  procedure  left  open  the  question  of  damage  or  inconsistent 
data  which  was  thought  to  occur  by  including  V^.^  and  ground  in  the  pin  appli 
cation  sequences,  an  additional  study  was  required.  The  CD4011A  and 
CD4013A  parts  were  tested  by  establishing  a  variety  of  OV  and  15V  input 
conditions  and  then  connecting  ground  or  V^  and  later  running  the  initial 
program  to  check  for  damage.  The  parts  were  again  tested  by  establishing 
these  input  conditions  with  V^^  and  ground,  both  first  at  OV  and  then  at  15V, 
before  being  switched  to  their  appropriate  values.  No  damage  and  no  param 
eter  changes  were  noted.  However,  no  testing  was  performed  to  evaluate 
the  effects  of  these  voltage  conditions  on  the  lifetime  of  the  devices.  The 
absence  of  damage  to  the  CMOS  gates  and  flip-flops  is  attributed  to  the  gate 
structure  as  well  as  to  advances  in  input  protection  circuitry. 

The  following  suggestions  are  made: 

l.  Pulsed  inputs  could  be  defined  such  that  pulses  occur  after  estab¬ 
lishing  dc  conditions.  This  can  be  done  in  the  M1L-M- 38510 
specifications  in  the  notes  that  follow  Table  III.  For  example  in 
Table  16,  note  1  can  be  expanded  to 


2.  7 V 


applied  after  other  conditions 
are  established  at  CLR,  D, 
and  PR  terminals. 


-  OV 


Output  states  should  be  checked  and  re-established  if  necessary 
after  forcing  currents  are  applied  and  measurement  systems  are 
connected.  This  can  be  done  in  a  suggested  new  paragraph  in 
Mil. -STD-883  to  cover  conditions  unique  to  ATK  as  explained  in 
Section  16,  Suggestions  for  MJL-STD-883. 


-  <’•  \v  .xt 


12.  EFFECTS  OF  UNDESIGNATED  PIN  AMBIGUITY 


TEST  DESCRIPTION  AND  PROCEDURE 

Undesignated  pins  are  frequently  allowed  to  he  either  open,  logit-  high, 
or  logic  low,  at  the  discretion  of  the  test  engineer.  This  is  the  case  with 
/0S703,  /00205,  /00903,  /0220  3,  /07001,  /07101,  / 30001,  and  / 30101. 

The  remaining  five  device  specifications  require  undesignated  pins  to  be 
open.  In  each  measurement  where  an  undesignated  pin  was  allowed  to  he 
high,  low,  or  open,  the  measurement  was  made  five  times,  with  the 
undesignated  pins  set  to  V^.^.,  logic  high  (2,0V),  logic  low  (0.7  or  0.8V), 
ground,  and  open.  Although  the  device  with  open  input  pins  typically  per¬ 
forms  as  expected,  connecting  input  pins  to  either  a  high  or  a  low  state 
input  voltage  greatly  decreases  the  susceptibility  to  noise  spikes.  This  is 
particularly  true  of  low-power  Schottky  and  CMOS  devices  where  small 
quantities  of  charge  can  cause  changes  of  state. 

The  state  of  undesignated  output  pins  can  also  affect  the  data.  In 
counters  and  shift  registers,  the  states  of  unmeasured  output  terminals 
are  often  unspecified.  Loading  unmeasured  outputs  during  I  tests  affects 
the  current  available  to  the  measured  output  as  well  as  the  junction  tempera 
ture  of  the  DUT.  In  the  special  case  of  shorting  more  than  one  output  at  a 
time,  as  is  allowed  in  Table  III  ot  the  spec  il’u  at  ions,  the  absolute  max. mum 
power  dissipation  rating  of  the  device  is  exceeded. 


RESULTS  AND  CONCLUSIONS 

Varying  the  undesignated  input  pin  conditions  did  not  produce  signific.  it 
variations  in  measurements  of  DC  parameters.  When  \arving  the  condition! 
ot  t  ho  input  pins  such  that  undesignated  outputs  were  switi  lied,  some  propa¬ 
gation  delay  time  measurements  were  affected. 

Varying  the  conditions  of  undesignated  output  pins  was  lound  to  alle.  t 
the  data  in  two  situations.  In  the  lirst  situation,  propagation  delay  times 
for  "'4|p4  and  ">4LS2ds  sliilt  registers  varied  with  the  number  of  outputs 
making  a  state  transition  during  the  measurement  <  v<  I e.  I  he  worst  .  use 

T  for  the  :>4lf»4  occurred  when  all  of  the  outputs  started  in  a  high  state 

FI  1  L  | 

and  were  cleared  together.  This  <  ase  yielded  a  I  j>|||  ^  with  a  mean  \alue 
of  37.  •'  nanoseconds.  When  only  one  output  was  in  a  high  state  betore  being 
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cleared,  was  found  to  be  44.  !  nanoseconds,  t>  percent  smaller  than 

the  first  ease.  For  the  44LS294.  a  similar  but  smaller  change  was  noted. 
The  respective  mean  values  were  do.  4  ns  and  24.4  ns.  A  1  nanosecond 
change  was  the  limit  used  as  a  significance  guideline.  These  differences 
could  be  avoided  bv  specifying  all  output  state  changes  that  are  to  occur 
during  the  measurement. 

The  second  situation  is  the  Iqv;  test.  Table  17  illustrates  how  Iq^ 
varies  with  the  loading  of  the  other  outputs.  For  the  4  4  FS  2  9  4 ,  the  measure¬ 
ment  with  all  outputs  grounded  is  49  percent  smaller  than  the  measurement 
with  only  the  measured  output  grounded. 

Since  loading  more  than  one-  output  at  a  time  results  in  a  power  dissi¬ 
pation  beyond  the  absolute  maximum  rating  of  the  device,  this  situation  can 
be  rectified  by  spec  ifying  that  only  one  output  be  grounded  at  a  time.  A 
proposed  change  in  Ml  E-STD-88  4R,  Method  4011  to  cover  this  situation  is 
discussed  under  the  topic,  "Additional  Conditions  for  1q^  Measurements,1' 
in  Sect  ion  1  4. 

TABLE  17.  EFFECT  ON  I  .  OF  GROUNDING  MORE  THAN  ONE  OUTPUT 


Device  Type 


*OS 


Number  of  Additional 
Grounded  Outputs 


Maximum 

Difference 

1%) 


0 

1 

2 

3 

54LS295A 

42.  8 

-42.  5 

-  32.  7 

-  20.  0 

5400 

4  6 .  7 

46.  2 

-  45.  5 

-44.  9 

541100 

05.  5 

04.  9 

02.  0 

57.  0 

54S00 

69.  1 

(.7.  4 

-  60.  3 

55.  7 

54LSOO 

26.  1 

20.  0 

25.  9 

25.  8 

-r  c 

A 


13.  INVESTIGATION  OF  MEASUREMENT  EFFECTIVENESS 


Investigations  were  undertaken  to  examine  the  effectiveness  of  tri-state 
timing  measurements,  to  find  alternatives  to  the  currently  specified  f ^  ^ 
tests,  and  to  look  for  a  method  of  examining  C.^  on  CMOS  parts  on  a  general 
purpose  automated  test  system  such  as  the  S-3260. 

TRI-STATE  TIME  MEASUREMENT  INVESTIGATION 

Enable  and  disable  times  of  tri-state  outputs  have  been  a  bane  to  engi¬ 
neers  using  automated  test  equipment.  Minimum  capacitance  on  the  output 
of  an  S-3260  with  a  comparator  connected  is  slightly  under  30  pF.  When  a 
load  is  connected,  the  capacitance  increases  to  between  45  and  50  pF.  Many 
commercial  specifications  require  probe  and  jig  capacitance  of  as  little  as 
5  pF  MIL-M- 385  1  0/30606,  Rev  13  requires  15  pF  minimum  for  tjj^  and  tj  y 
measurements.  Thus,  it  is  very  difficult  to  make  the  specified  t ^yy  and 
t  L,/  measurements.  Also,  in  the  military  specification,  these  same  two 
measurements  require  comparator  trip  points  of  Vq^  minus  0,  5V  and 
Vql,  plus  0.  5V.  On  a  bench  with  an  oscilloscope,  the  dynamic  Vqh  and 
Vq[_,  levels  are  easily  seen,  but  on  ATE  there  is  some  complication. 

Following  are  three  methods  that  have  been  used  on  ATE  for  measuring 
the  specified  tf.j y  and 

1.  Measuring  DC  values.  This  gives  a  false  impression  of  output 
voltages  that  occur  while  operating  at  rated  speed,  especially  if 
care  is  not  taken  to  approximate  the  actual  load. 

2.  Measuring  dynamic  levels.  Output  comparator  reference  levels 

are  adjusted  until  the  device  fails  a  functional  test.  With  this 
method,  the  measurement  still  depends  upon  where  in  the  wave¬ 
form  the  output  is  compared.  In  Figure  19,  three  different  VOll 
values  are  obtained  from  the  same  waveform.  The  value  obtained 
depends  upon  the  start  time  (t^l  and  stop  time  gating  the 

compa  rato  r. 

3.  Assuming  Vq[[  and  Vq1,  as  worst  case  full  load  values  permitted  by 
the  specification  (that  is,  2.4V  and  0.4V).  This  is  a  more  stringent 
requirement  than  either  other  method,  but  it  is  so  much  easier  to 
implement  that  it  has  found  some  acceptance. 

While  all  three  methods  give  some  information  about  the  output  transistors 
of  the  OUT,  the  circuit  conditions  during  test  have  little  relation  to  those 


Figure  19.  Result  of  dynamic  volt  measurement  dependent  on 
timing  characteristics  of  comparator  window. 

encountered  in  actual  use.  The  designer  needs  an  idea  of  the  capability  of 
the  device  to  release  a  bus  (tjj/  and  t^z^  or  to  be  enabled  and  drive  another 
device  (t^jj  and  t^L,). 

One  solution  to  the  designer's  problem,  which  removes  some  of  the 
constraints  imposed  by  ATE,  is  to  connect  the  tri-state  outputs  to  a  bus 
structure.  The  node  of  this  artificially  created  bus  is  connected  to  the 
DUT  output,  the  output  of  a  previously  characterized  tri-state  device,  and 
the  input  of  a  gate  (Figure  20).  The  characterized  tri-state  device  is  capa¬ 
ble  of  driving  the  gate  input,  as  is  the  DUT.  Bus  access  time  (t^jj  and 
tyi  )  are  then  measured  as  the  time  between  an  output  enable  pulse  at  the 
DUT  and  a  change  of  output  state  of  the  known  gate  minus  the  previously 
measured  delay  of  the  gate.  The  gate  is  preset  by  the  known  tri-state 
device.  Since  the  timing  of  this  device  has  also  been  characterized,  it  can 
be  made  to  access  or  release  the  bus  node  at  any  desired  time.  Bus  release 
times  (tj  [/  and  t/^)  are  measured  by  attempting  to  access  the  bus  with  the 
known  tri-state  device  after  the  test  equipment  attempts  to  disable  the  DUT 
at  its  output  enable  (OE)  terminal.  A  bus  conflict  is  created  when  two  or 
more  devices  attempt  to  force  different  logic  levels  on  the  bus.  An  increase 
in  the  delay  time  from  the  known  .device  enable  signal  to  the  gale  output 
indicates  that  the  DUT  has  not  released  the  bus.  The  bus  release  time 
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D,  =  Dj  =  TEST  SYSTEM  DRIVERS  OR  PULSE  GENERATOR 

C  =■  C„  =  C,  =  C„  =  TEST  SYSTEM  COMPARATORS 
12  3  4 

Figure  20.  Theoretical  alternative  to  tri-state  measurements. 


would  be  the  difference  between  the  time  at  which  the  DUT  OE  terminal  was 
switched  to  disable  the  DUT  output  and  the  earliest  time  that  the  known  device 
could  access  the  bus  without  a  conflict.  This  test  method  presents  some 
problems  to  the  test  engineer  who  implements  it.  Bus  elements  (the  known 
tri-state  device  and  gate)  need  to  be  available  as  a  load  at  each  tri-state  out¬ 
put  of  the  DUT.  The  measurement  requires  the  subtraction  of  an  external 
gate  delay.  It  also  requires  that  several  additional  signal  sources  and  com¬ 
parators  be  connected.  Some  of  these  connections  are  to  points  other  than 
DUT  terminals. 

Some  of  the  problems  might  be  eliminated  by  letting  a  driver  (pulse 
generator)  of  the  ATE  become  the  known  device  trying  to  access  the  bus,  and 
replacing  the  known  gate  with  a  passive  network  as  is  done  in  propagation 
delay  measurements.  Such  a  situation  is  presented  in  Figure  21.  Now 
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D,  -  D2  test  system  drivers  or  pulse  generator 

C,  C2  TEST  SYSTEM  COMPARATORS 


Figure  21.  ATE  model  of  Figure  20. 

system  timing  can  he  adjusted  to  determine  bus  access  and  release  times  for 
the  DUT,  and  no  precharacterized  devices  are  required.  Since  only'  the 
newest  ATFi  permits  its  drivers  to  act  as  tri-state  devices,  implementation 
of  this  scheme  on  most  ATE,  including  the  S-3260,  requires  great  care  to 
ensure  that  the  system  driver  on  the  bus  node  and  the  DUT  output  create 
minimum  conflict  on  the  bus.  The  approach  taken  was  to  activate  the  driver 
when  it  could  clearly  he  done  without  conflict  (after  a  disable,  before  an 
enable),  and  then  walk  the  driver  pulse  start  or  end  time  toward  a  point  of 
conflict  with  the  DUT  output.  When  a  comparator  indicates  that  both  the 
driver  and  the  DUT  output  are  attempting  to  force  the  bus  node  in  opposite 
directions,  the  measurement  value  has  been  determined.  Examples  of  this 
method  are  given  for  t  ( j  y  and  t/jj.  The  test  method  for  t  would  follow 
that  for  t  j  j  y  except  for  the  levels  of  some  waveforms.  The  method  for  tyj^ 
would  similarly  follow  that  for  t^jj. 
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Figure  22  illustrates  the  initial  timing  of  the  lest  setup  fur  .1  (  r 

measurement.  The  driver  at  the  bus  node  has  its  logit  1  set  at  approxi- 

matelv  tin'  DLTT  Vqj^  level  and  its  1  o  g  ic  0  set  at  approximate!  v  the  Pl’T 

Vq  p  level  .  It  is  desirable  to  approach  actual  HUT  levels,  but  exact 

matching  is  not  required  since  small  differences  in  the  programmed  value 

will  affect  driver  loading  but  will  not  damage  either  the  driver  or  the  [)lTT. 

The  switching  of  the  driver  (t^l  is  set  to  occur  well  bey'ond  the  suspected 

output  disable  time.  The  comparator  logic  0  reference  (locomparel  level 

is  set  as  close  to  tin'  bus  driver  low  level  as  possible  without  inadvertently 

triggering  the  comparator.  A  programmed  value  of  5  0  mV  greater  than 

the  driver  low  level  was  found  to  be  satisfactory.  The  comparator  window 

time  (tqj)  is  initially  well  beyond  ty  so  that  the  comparator  is  not  initially 

triggered  by  the  falling  edge  of  the  bus  driver  signal.  The  test  program 

reduces  the  value  of  (moving  closer  to  f 3 )  until  a  fail  indication  is 

received,  signaling  that  the  comparator  is  detecting  the  falling  edge  of  the 

bus  driver  waveform.  At  this  point  is  incremented  by  1  nanosecond  so 

that  the  comparator  will  again  indicate  a  pass  condition.  This  timing 

relationship  between  the  falling  edge  of  bus  driver  waveform  (t,l  and 

the  comparator  start  time  (t_j)  is  maintained  throughout  the  tesl.  both  1  . 

and  t^j  are  reduced  simultaneously  1  nanosecond  at  a  time  (moving  closer 

to  t^)  until  a  comparator  fail  indication  is  received.  This  fail  indication 

results  because  the  device  output  has  not  fully  disabled  and  is  still  applying 

a  forcing  voltage  to  the  bus.  The  measured  t,,.,  would  then  be  1  -  1 

11/.  .5  ! 

1  nanosecond.  The  1  nanosecond  is  added  because  the  DIT  had  unf  released 
the  bus  at  t  ^ ,  but  has  successfully  released  the  bus  during  the  last  p.iss  at 
tj  ’  I  nanosecond. 

Figure  2  5  illustrates  the  initial  waveforms  for  a  bus  access  time  ft  ,^1 
measurement  with  the  bus  driver  set  at  a  low  level  of  1.  5V  and  a  high  level 
approximating  the  OUT  V  ^  level.  The  switching  time  t  ^  is  fixed  and  is  used 
as  a  reference  during  this  measurement.  The  high  comparator  trigger  level 
is  s et  50  m  V  above  1  .  5  \  .  Initially  I  ,  is  earlier  in  the  test  cycle  (smaller) 
dial!  llowe\er(  I  is  i  n  e  re  1  >  .«■  nt  ed  uni:)  a  pass  is  recorded,  a  id  then  dtere- 

mented  1  nanosecond.  The  driver  at  the  !H  T  OK  terminal  is  initinllv  set 
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NOTE.  V  NOTATION  AS  IN  FIGURE  21. 


Figure  ZZ.  Initial  waveforms  for  suggested  t.. 


m  easuremont 


Figure  23.  Initial  waveforms  for  suggested  t measurement. 

to  switch  at  a  time  tj  sufficiently  late  to  ensure  that  the  DUT  will  not  attempt 
to  access  the  bus  (t,)  until  after  t,.  At  this  time  t,  and  thus  t  ,  are  dccre- 

J  l  2- 

merited  until  a  pass  signal  is  generated  at  the  comnarator,  anti  the  Ims  access 
lime  measurement  (t  i  s  measured  as  1^  -  nanoseconrl. 

In  practice,  this  method  yielded  results  comparable  to  the  measurements 
specified  in  the  MIL-M-3851  0  specifications.  The  data  in  Table  18  shows 
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TABLE  18.  COMPARISON  OF  SUGGESTED  TRI-STATE 
METHOD  TO  SPECIFICATION  METHOD 


54LS295 

T empe  ratu  re 

Specification  Method 

Suggested  Method 

Parameter 

(°C) 

(ns) 

(ns) 

tZL 

25 

21.78 

2  0.  11 

-55 

27. 88 

24.  42 

125 

25  70 

2  2.  Ok 

*ZH 

25 

13.51 

1  0.  4  7 

-55 

13. 93 

1  0.  SI 

125 

15.  25 

1  ».  0  3 

t  U 
lL7. 

25 

24.  75 

22.  3  7 

-55 

25.  22 

22.  91 

t  11 

125 

29.  20 

27.  15 

HZ 

25 

18.  49 

16.  03 

-55 

19.  16 

16.  57 

125 

19.  66 

16.  98 

—  Specification  requires  a  minimum  load  capacitance  of  1 5  pF . 
load  capacitance  was  used  for  the  specification  method  data. 


A  50  pF 


that  enable  and  disable  time  readings  were  2  to  3  nanoseconds  faster  using 
this  method  (the  DUT  does  not  need  to  charge  or  discharge  an  external  50  pF 
load,  but  only  a  load  sufficient  to  affect  the  edge  of  the  system  driver 
wavefo  rm). 

The  ability  of  a  system  driver  to  simulate  the  limited  drive  capability  of 
a  tri-state  output  has  properly  been  questioned.  An  S-3260  driver  can 
source  -100  mA  in  the  high  state  (-170  m A  when  shorted  to  ground)  and  can 
sink  t  100  mA  in  the  low  state.  This  I value  is  almost  double  that  of  a 
Schottky  bus  driver  such  as  a  54S240,  and  the  Iqjj  value  is  much  greater 
than  the  -12  mA  sourced  by  the  54S240.  When  compared  to  the  values  of  a 
54LS295,  the  and  Iq||  values  of  a  system  driver  are  an  order  of 
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magnitude  greater.  This  greater  current  capability  affects  the 
measurements  in  two  ways.  First,  the  higher  drive  capability  makes  sys¬ 
tem  capacitance  less  important  since  the  capacitance  is  more  rapidly 
charged  and  discharged.  Second,  the  higher  drive  capability  makes  it  more 
difficult  for  the  DUT  to  affect  the  waveforms  and  trigger  the  comparators. 
Indeed,  some  difficulty  was  encountered  in  choosing  appropriate  comparator 
levels  to  obtain  sensitivity  to  waveform  changes  without  allowing  the  com¬ 
parator  to  be  falsely  triggered  by  noise.  The  addition  of  a  passive  network 
to  buffer  the  driver  would  enable  the  driver  to  more  closely  emulate  the 
drive  capability  of  the  DUT  output  and  thus  reduce  the  difficulty  m  choosing 
comparator  levels,  (in  an  S-  32t>0,  the  addition  could  be  accomplished  by 
changing  load  modules.  This  approach  should  be  examined  further. 

The  suggested  method  differs  from  the  current  specification  in  that  the 
intent  is  to  describe  the  performance  of  the  DUT  in  a  bus  environment 
rather  than  to  measure  the  characteristics  of  the  output  drivers  of  the  DUT. 
It  does  require  programming  effort  to  implement,  but  is  less  sensitive  to 
system  capacitance.  Since  system  capacitance  limitations  make  the  current 
tjj^,  and  measurements  very  difficult  to  implement,  this  is  a  definite 

advantage . 


MAXIMUM  FREQUENCY  TEST  INVESTIGATION 


As  discussed  in  Section  3,  many  slash  sheets  require  functional  tests 
with  clock  rates  exceeding  the  maximum  test  frequency  of  the  ATE  (30  to 
Z5  Mil/.,  depending  on  the  test  system).  Although  test  system  capabilities 
are  growing  with  each  new  generation  of  ATE,  component  speeds  are 
increasing  even  faster.  With  the  recent  introduction  of  a  100  Mil/,  tester 
came  the  introduction  of  advanced  Sehoftky  parts  with  an  1  ^ ^ y\_X  ovcl 

ZOO  Mil/..  Thus,  the  test  engineer  is  faced  with  a  dilemma.  If  he  does  not 
test  fp^yYX’  may  he  passing  parts  that  cannot  meet  end  use  requirements 
since  the  part  which  passes  one-shot  propagation  delays  or  a  I  Mil/,  truth 
table  test  may  not  pass  with  all  timing  parameters  simultaneously  exercised 
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to  their  limits.  Since  the  test  engineer  can  rarely  afford  to  bench  test 
100  percent  of  the  devices,  his  alternatives  are  the  following: 

1.  Forget  that  a  problem  exists  and  drop  the  fMA^-  test  completely 

2.  Implement  the  test,  keeping  all  timing  relationships  as  tight  as 
required  by  the  specification  except  that  clock  rate  is  reduced 
to  the  test  system  capability 

3.  Implement  the  test  as  specified,  at  great  expense,  through  special 
tixturing  or  bench  methods 

4.  Bench  test  some  fraction  of  a  lot  for  f^/iAX 

5.  Rather  than  measuring  f^tAX  directly,  measure  some  additional 
timing  parameters  and  calculate  an  equivalent 

The  second  and  fifth  methods  might  be  acceptable  both  to  the  manufac¬ 
turer  and  the  reliability  engineer  if  some  evidence  existed  to  support  the 
conclusion  that  results  produced  by  these  methods  would  correlate  with 
those  produced  by  the  f^^^  Lost  “nplemented  to  the  specification.  The 
second  method  only  produces  a  pass-fail  indication  at  the  programmed  clock 
rate.  This  cannot  be  correlated  to  the  pass-fail  indication  of  the  specifica¬ 
tion  fM^x  tost  with°ut  testing  parts  which  marginally  fail  fjylAX’  No  such 
parts  were  among  those  procured  for  the  study.  In  support  of  the  second 
method,  it  is  better  than  no  fMAX  tost  at  al1  antJ  should  detect  many  fMAX 
failures.  It  is  the  method  most  often  implemented  in  an  ATE  environment. 

The  fifth  method  produces  a  value  tor  *^iAx’  and  this  value  can  be  com¬ 
parer!  to  measurements  of  l\1AX  <akf>n  on  ,,u>  bench.  ho  r  a  H-type  flip-flop, 
such  as  the  S4S74,  rlata  setup  and  hold  times  are  measured  and  f  ^  ^  is 
calculated  as  the  inverse  of  either  of  the  following: 

logic  1  setup  time  t  logic  1  hold  time  t  ^PDLH  ^ 101,1  ^  ^ 

o  r 

logic  0  setup  time  I  logic  0  hold  time  I  from  (  EK  to  O, 

whichever  produces  a  lower  ‘j^iAX  va'uo*  I  his  tilth  method  was  imple¬ 
mented  in  the  / 0 7  1  0 1  and  /02203  programs  used  throughout  the  study. 

T  he  sc  devices  were  then  bench  (  e  sf  ed  tor  1  ^  A  x  '  1  h  e  S  -  32  hO  c  a  1  <  u!  a  t  ed 

values  were  within  4  percent  <>1  actual  fj^lAX  ^5nC  (Table  19b  1  he 

methods  did  not  produce  similar  results  at  temperature  extremes,  although 
neither  method  indicated  any  device  failures  among  the  tested  devices.  One 
explanation  tor  the  differences  at  temperature  extremes  is  that  the  calcu¬ 
lated  f  did  not  use  a  measured  minimum  rlata  pulse  width  along  with  the 
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TABLE  19.  COMPARISON  OF  S-3260  F 

TEST  TO  SPECIFICATION  TEST  MA  X 


Device  Type 

Tempe  rature 
(0°C) 

Specification  Tost 
(Method  3) 

(MHz) 

S - 3 2 6 0  Test 
(Method  51 
(MHz) 

07101 

25 

91.  5 

95  i 

-55 

83 . 4 

97.  9 

125 

85  6 

118  1 

'■O 

O 

*\J 

o 

25 

45. 4 

46  9 

-55 

36.  2 

47  0 

125 

38  4 

60.8 

set-up  and  hold  times.  The  simplified  formula  used  was  not  adequate. 
However  the  data  obtained  by  the  alternate  method,  when  it  includes  a 
measured  data  pulse  width,  is  sufficiently  useful  that  it  has  been  incorpo¬ 
rated  in  a  number  of  programs  when  bench  testing  is  deemed  impractical. 

MEASUREMENT  OF  INPUT  CAPACITANCE 

Alternatives  to  the  direct  measurement  of  input  capacitance  on  CMOS 
devices  were  sought.  Since  test  system  capacitance  was  so  much  larger 
than  the  capacitances  to  be  measured,  no  suitable  alternative  was  dis¬ 
covered.  As  mentioned  previously  (Section  .5,  Table  4),  C  measurements 
were  not  part  of  the  baseline  programs  used  in  the  bulk  of  the  study  for  this 
r eason . 


59 


14.  DEFINE  "OPEN"  AND  "GROUND" 


TEST  DESCRIPTION  AND  PROCEDURE 

This  task  was  divided  into  two  subtasks.  Subtask  1  characterized 
various  ground  and  signal  paths  of  the  S-3260,  using  a  Hewlett  Packard 
4271  B  1  MHz  LCR  meter  to  determine  what  "open"  and  "ground"  conditions 
are  seen  by  a  DUT.  Resistance,  inductance,  and  capacitance  of  each  path 
were  measured  using  the  I  CR  meter.  Since  some  of  the  resistances  to  be 
measured  exceeded  the  highest  measurable  value  on  this  meter,  a  conduc¬ 
tance  meter  with  a  resolution  of  10  picoajemens  was  used  for  these  resis¬ 
tances.  Measurements  of  loss  than  one  unit  on  this  meter  are  interpreted 
as  resistances  greater  than  10^  ohms. 

Subtask  2  required  adding  resistance,  capacitance,  and  inductance  to 
the  system  at  DUT  inputs  and  at  the  DUT  ground  terminal  in  order  to  seek  a 
range  of  acceptable  values  that  could  be  used  to  define  "open"  and  "ground" 
conditions. 

RESULTS  AND  CONCLUSIONS 

The  result.,  of  the  first  subtask  appear  in  Table  20.  Figure  24  is 
included  to  aid  in  locating  some  of  the  measurement  points.  The  capaci¬ 
tance  and  parallel  resistance  values  limit  the  quality  of  the  open  condition. 
The  inductance  and,  to  a  smaller  extent,  series  resistance  values  affect  the 
ground  condition.  The  smallest  supply  path  inductance  for  a  DUT  after 
decoupling  is  50  nil;  that  is,  12  nil  from  the  decoupling  capacitor  to  the  DUT 
Vc  terminal,  plus  38  nil  from  the  other  lead  of  the  capac  itor  to  the  DUT 
ground  terminal.  This  value  assumes  no  inductance  in  the  ceramic 
decoupling  capacitor. 

The  second  subtask  was  further  divided.  Additional  resistance  to 
ground  and  capacitance  were  added  to  DUT  inputs  in  an  attempt  to  find  a 
worst  case  open  condition,  and  additional  inductance  was  placed  in  g  round 
paths  to  study  the  g  round  condition.  For  the  open  condition,  the  additional 
capacitance  (200  pF  maximum)  at  DUT  inputs  served  only  to  slow  the  rise 
and  fall  times  of  the  system  drivers  and  had  no  effect  on  conditions  requir¬ 
ing  some  inputs  to  be  open  (such  as  V  1.  The  initial  test  program,  as 
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TABLE  20.  INDUCTANCE  OF  GROUND  PATHS  AND 
CAPACITANCE  OF  THE  S-3Z60 


Measure*  cl 
Capac  itanc  e 


F  rom 

To 

(pF! 

R 

(  ond  i  t  ion 

DT 

SG 

29 

>10^  megohms 

o 

DT 

SG 

31 

s 

>10  mpRohms 

If.  Cl 

DT 

SG 

44 

5 

>10  nioRohms 

180,  (S 

DT 

SG 

31 

>10  megohms 

If-O,  O  30 

DT 

SG 

3S 

>10'  megohm s 

18  0,  L! 

DT 

SG 

3f> 

s 

>10  megohms 

18  0.  1.2 

DT 

SG 

40 

5 

>10  megohms 

180,  LI,  1.2 

DT 

SG 

49 

>  1  0  megohms 

18  0,  LI,  os 

DT 

SG 

3  b 

s 

*10  megohms 

18  0,  1.1,  0  30 

Mea  su  red 

Inductance 

(nil) 

Mill  iohm  s 

DC 

>  / 

SG  -1 

81 

1  3 

1  la  rdwi  red 

DC 

LG 

1  2  f> 

20 

LI 

SG 

LG 

S2 

9 

r.i 

DT 

d  rive  r 

1  40 

24 

180 

DT 

SG 

335 

5  4 

O 

DT 

SG 

222 

35 

180 

DT 

LG 

2  f>3 

43 

LI 

DT 

LG 

285 

49 

L2 

DT 

SG 

2  Of. 

33 

1.1,  1.2 

DT 

SG 

If.l 

2  f> 

LI,  1.2,  18  0 

DC 

ground  ring  at  point 

38 

f, 

1  la  rdwi  red 

nearest  V  . 

DT 

bottom  of  socket 

12 

I 

1J 

i  e  !,  >1 1, )  W! 

::v  a ' , 1 )  r  e  ■.  i  a  t  i  ( ) :  t  s  are  used: 

sc; 

-  Ground 

ring  on  socket  card 

1.1-  Load  Rolav  N 

o  . 

1  t  losi’d 

I.C 

1  -  C 1  round 

r  in g  on  bn  d  c a  rd 

L2  -  Load  Relay  N 

(>  . 

?.  c  1  o  sod 

1  X 

1  -  Ground 

terminal  of  DO  !' 

(  '  S  -  (  nmpa  rat  o  r  on 

t  lit*  ^  V  ranee 

!  i  1 

-  Anv  DO 

T  terminal 

O  10  -  Gotnpa  ra  t  o  r 

on  the  30V  rang 

so, 

O,  -  Sr,  tor 

c  a  rd  g  round 

O  -  Sector  connect 

<‘d 

<i  s  a n  i >u  t  pul 

1  -  Set  tor  connect* 

»d 

as  «<n  input 

-  ■ 

;  J  ,  ... 

• .  -  i  re  ?’  •  •,  .  i  red  miles. 

t  s , ,  1  be  1 e d 

»•! 


defined  in  Section  1,  was  used  to  determine  whether  all  1)1’  1's  would  pass 
when  1  megohm  was  connected  between  all  Dl'T  terminals  and  ground.  All 
of  the  TTI.  parts  passed,  and  V[(_.  and  I  values  did  not  change.  CMOS 
devices  failed  leakage  current  tests  because  of  current  flow  through  the 
added  resistance,  but  timing  parameters  did  not  change.  Since  measure¬ 
ments  of  input  leakage  currents  of  less  than  1  nanoamp  must  be  made  on 
CMOS  devices  with  a  forcing  voltage  of  1  5  volts,  an  open  must  be  defined 
such  that  tile  leakage  current  through  the  open  is  at  least  SO  times  less 
than  the  1  nanoamp  limit.  This  requires  a  resistance  of  more  than  IS  gig- 
ohms  during  measurement.  An  acceptable  open  condition  for  a  CMOS 
input  could  be  defined  as  "open  i50  pf  (a  measurement  system  limitation) 
and  >10^  ohm.  "  For  the  bipolar  and  CMOS  devices,  a  definition  for  the 
output  condition  as  "open  ;  50  pf  and  2  l  megohm"  would  be  adequate. 

Ground  path  inductance  and  resistance  were  increased  by  removing  the 
capacitor  from  its  position  between  V qq  and  the  DUT  ground  terminals,  and 
placing  it  between  the  terminal  and  the  ground  ring  of  the  socket  card. 

The  hardwired  ground  connection  was  then  removed  and  the  ground  terminal 
was  connected  both  to  the  1-  and  the  O-connection  of  the  socket  card,  and 
then  grounded  through  reeds  in  an  S-3260  driver.  This  path  represents 
234  n anohen  ries  of  supply  path  inductance.  Timing  measurements  were 
affected  as  shown  in  Table  21.  The  data  indicate  that  any  additional  induc¬ 
tance  can  affect  measurements  noticeably. 

Specifying  a  maximum  acceptable  inductance  in  a  ground  path  is  very 
difficult.  Since  the  current  in  an  inductor  cannot  change  instantaneously, 
the  switching  current  transients  require  time  to  dissipate.  Higher  induc¬ 
tance  results  in  longer  time  delays.  ATE  using  device  handlers  to  speed 
through-put  may  be  very  hard  pressed  to  meet  a  50  nanohenry  or  100  nano¬ 
henry  requirement,  yet  the  addition  of  less  than  200  nanohenries  produces 
considerable  differences  in  timing  parameters.  A  compromise  definition 
of  an  adequate  ground  path  could  be  "ground  ’  200  nanohenries  and 
•  0.  1  ohm.  "  Although  these  suggested  values  would  not  lead  to  a  guarantee 
of  data  reproducible  to  3  percent  accuracy,  as  was  shown  in  Table  21,  they 
do  recognize  the  limitations  of  ATE  and  could  be  met  with  careful  fixturing 
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on  a  variety  of  tost  systems.  Further,  any  device  meeting  test  requirements 
on  a  200  nanohenry  system  would  meet  the  requirements  of  a  system  furnish¬ 
ing  a  lower  inductance  ground  path. 

TABLE  21.  PROPAGATION  DELAY  TIMES  FOR 
TWO  GROUND  PATH  INDUCTANCES 


54LS295  Parameter 

At  50  nil 
(ns) 

At  234  nil 
(ns) 

Pe  rcent 
Difference 

tPHL' 

data  mode 

29.  4 

31.4 

6.  5 

tPHL’ 

serial  mode 

28  3 

29.  0 

2.  5 

lPLH’ 

data  mode 

25.  1 

25.  0 

-0.  2 

LPLH’ 

serial  mode 

24.  3 

24.  3 

0.  0 

tZL 

22.  6 

24.  4 

8.  0 

tLZ 

37.6 

33.8 

-10.  0 

15.  SLASH  SHEET  REVIEW 


During  the  course  of  the  investigations  previously  described,  the 
MIL-M-38510  slash  sheets  for  each  of  the  13  device  types  were  studied  in 
detail  to  identify  typographical  errors,  errors  of  omission,  implied  mea¬ 
surement  conditions,  redundant  or  superfluous  measurements,  and  any 
errors  or  ambiguities  in  the  notes  and  figures.  Table  2d  lists  the  revision 
and  amendment  of  each  slash  sheet  used  for  this  study.  Table  2  3  lists  each 
of  the  items  identified  and  their  location  in  the  specification  s . 

TABLE  22.  PROCUREMENT  SPECIFICATIONS  USED  DURING  THIS  STUDY 


Generic 


Part 
Numbe  r 

MIL-M-38510 
Slash  Number 

Device 

Type 

Revision 

Amendment 

Number 

Updated 

Through 

5400 

001 

04 

R 

3 

2 8  .Tun  10  7 6 

5474 

002 

05 

E 

4 

28  ,T  u  1  1078 

54164 

009 

03 

c: 

5 

7  .1  u  1  1078 

54H74 

022 

03 

B 

1 

1  Oct  1076 

54H00 

023 

04 

A 

4 

1  .1  un  10  77 

401  1  A 

050 

01 

C 

- 

1  6  Nov  10  77 

40 1  3  A 

051 

01 

B 

2 

10  Sep  10  76 

401  5  A 

057 

03 

R 

2 

7  Nov  1078 

54S00 

070 

01 

- 

4 

8  A  pr  10  78 

54S74 

071 

01 

A 

3 

1  9  Apr  10  70 

54LS00 

300 

01 

A 

■> 

14  Nov  1077 

54LS74 

301 

01 

A 

1 

1  8  Apr  1078 

54LS20 5 

306 

06 

B 

1 

12  .1  un  10  70 

i A 


TABLE  23.  IDENTIFICATION  AND  LOCATION  OF 
SPECIFICATION  ERRORS 

Discussion  Item  Listing  of  Occurrences  Comments 


Additional  conditions 

/001,  pp.  15, 

17, 

19, 

for  IoS 

measurem  ents 

21,  23 

/002,  pp.  38, 

41, 

45, 

48, 

52,  55,  59 

/009,  pp.  62, 

65, 

69, 

74, 

79,  83 

/022,  pp.  47, 

50, 

54, 

58, 

62,  64 

/ 02 3,  pp.  14, 

17, 

19, 

21 

/071,  pp.  39, 

47, 

51, 

55, 

58,  59 

/300,  pp.  35, 

40, 

44, 

50, 

55 

/301,  pp.  76, 

80, 

85, 

88, 

92,  96,  1 

00, 

105 

/306,  pp.  60, 

65, 

69, 

73, 

76,  81,  85 

Also  MIL-STD-883B 
Test  Method  3011 


Minimum  or  Maxi-  /009,  p.  3 
mum  Recommended 
Pulse  Widths 


Output  Loading 

/009,  pp.  43,  46,  49,  55, 

/ 009  p.  49  shows 

in  Figures  for 

58 

remaining  outputs 

Measurement  of 

shorted 

Time 

/ 057,  pp.  31,  32,  35,  37 

/057  -  The  method  used 

/306,  pp.  27,  29.  32,  35, 

in  these  drawings 

38,  41,  44,  48 

is  better  than  that 
used  in  the  drawing 
for  /009  or  /306 

Comparator  levels 

/ 002 ,  pp.  39,  43,  46,  50, 

for  truth  table 

54,  57,  61 

tests 

/ 009,  pp.  63,  67,  72,  77, 
81,  84 

/  022,  pp.  48,  52,  56,  60, 

6  3,  67 

/ 0  7 1 ,  pp.  42,  46,  50,  54, 
57,  61 

/ 3 0 1 ,  pp.  78,  82,  86,  90, 
94,  98,  102,  107 
/106,  pp.  62,  67,  71,  75, 
79,  89 

66 


Table  23.  Identification  and  Location  of  Specification  Errors  -  continued 


Discussion  Item 


50  Percent  Duty 
Cycle 


FM AX'  FCL  UmitS 
Figures,  conditions 

A.  Figures  and 
notes 


B.  Table  III  and 
notes 


F 1  i  p  -  f  I  o  p 

propagation  delays 


Listing  of  Occurrences 


Comments 


/001, 

p.  12 

/  002, 

pp.  21, 

22, 

23 

/  02  2, 

pp .  28, 

29, 

31, 

32 

/  023, 

p.  1 1 

/  002, 

pp.  31, 

33 

/  022, 

pp.  38, 

39 

/051, 

pp.  21, 

23, 

24, 

27, 

"obse 

rving  proper  out 

29 

put  state  changes" 

/  057, 

pp.  31, 

32, 

34, 

36, 

38,  40 

/071, 

p.  28 

/002? 

pp.  39, 

42, 

43, 

46, 

*W  a  s 

correct  in  the 

49 

,  50,  52 

,  53,  54, 

table 

until  amended 

57 

,  60,  6 1 

to  be 

incorrect 

/022*. 

pp.  5, 

47, 

48, 

50, 

51,  54,  58,  59,  62, 
6  3,  65,  67 


/  0  5 1 , 

pp. 

34, 

40 

/057, 

pp. 

44, 

49, 

54, 

59 

64,  72 

/  07 1 , 

pp. 

40, 

41, 

42, 

45 

46, 

48,  50, 

52,  54, 

56, 

57,  59, 

61 

/301,  pp 

00 

,  81,  82, 

85, 

86,  89, 

90,  93, 

94, 

97,  98, 

101,  102, 

106, 

107 

/306,  np 

.  61,  62 

,  66,  67, 

70, 

71,  74, 

75,  78, 

79, 

82,  83, 

86,  88, 

89 

/002 

Occurs  in  Table  111  of 

/022 

each  specification  in 

/  0  7 1 

subgroup  9,  10,  and 

/  3  0  1 

11  to  st  ing 

67 


o  . •*»*»*.  V-  W-’a 


Table  33.  Identification  and  Location  of  Specification  Errors  -  continued 


Discussion  Item  Listing  of  Occurrences 


Redundant  or 

Omitted 

Measurements 

A. 

:ss 

/050,  pp.  8 

B. 

T  ruth  table 
testing 

All  subgroup  7  or  8 
testing  in  the 
specification  s 

C. 

Redundant 

^  max 
testing 

/0^Z,  pp.  47,  48,  50,  51, 
54,  55,  58,  59,  63, 

63,  65,  66 

D. 

Insuffici  ent 

Do,  pp .  o  1  ,  on ,  70 ,  74 

fnuix  78>  81 .  66 

testing 


Miscellaneous 
Errors  and 
Omis  sion  s 


Comments 


Only  this  case  was 
examined.  Other  simi¬ 
lar  cases  probably  exist 
in  this  and  most  other 
CMOS  specifications 


Detailed  in  this  report, 
Section  15,  "TYPO¬ 
GRAPHICAL  ERRORS 
.AMD  OMISSIONS" 


ADDITIONAL  CONDITIONS  FOR  I 


MEASUREMENTS 


OS 

Most  manufacturers'  data  sheets  specify  that  I  shall  be  measured  with 
only  one  output  grounded  at  a  time  and  that  no  output  be  grounded  for  more 
than  1  second  for  most  devices,  or  for  more  than  100  ms  for  some  device 
types.  Without  such  limitations,  the  device  may  dissipate  much  more  power 
than  it  was  designed  to  handle,  and  junction  temperatures  in  excess  of  200° C 
can  quickly  be  reached.  This  problem  has  been  recognized  in  the  specifica¬ 
tion  under  paragraph  1.  2.4.  "Absolute  maximum  ratings,  "  where,  as  Fig¬ 
ure  25  shows,  note  1  indicates  that  the  device  "Must  withstand  the  added 
due  to  short  circuit  conditions  (e.  g.  ,  IqC)  at  one  output  for  5  seconds.  "  As 
can  be  seen  in  Figure  26,  note  4  to  Table  I  of  MIL- M- 385 1  0 /002  adds,  "Not 
more  than  one  output  should  be  shorted  at  a  time.  " 

However,  devices  are  tested  to  the  conditions  of  Table  III,  which  has  no 
notes  limiting  the  test  duration  or  requiring  that  the  other  outputs  not  be 
grounded  (Figure  27).  This  specification  may  be  technically  correct  since 
the  absolute  maximum  ratings  are  not  to  be  exceeded  during  test,  and 
grounding  more  than  one  output  would  cause  a  power  dissipation  beyond  the 
absolute  maximum  rating.  However,  it  is  not  obvious  from  Table  111  that 
the  specification  prohibits  this  practice. 

Since  these  limitations  concern  the  method  of  measuring  Iq^,  .1IL-STD- 
883B,  Method  3011  should  be  modified  to  correct  the  situation.  This  can  be 
done  b v  an  addition  to  Method  3011.  1.  paragraph  3.  which  currently  reads 

The  device  shall  be  stabilized  at  the  specified  test  temperature. 

Each  output  per  package  shall  be  tested  individually. 

'  ic  suggested  addition  is 

Output  terminals  not  under  test  shall  be  open.  Output  terminals 
shall  not  he  orced  to  the  test  condition  voltage  potential  for  a 
period  longer  than  3  seconds. 
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MIL  -  M  -  38510-'  2E 

24  December  1974  _ 

SUPERSEDING 

MIL  -  M -003851 0  2D(USAF) 

I  5  Ortober  197  3  and 

MI L - M -  38510  2C 

7  November  1972 


Mil  ITAHY  SPECIFICATION 


MICKOCIKIT!  rs.  DIGITA1  .  I'll.  Kill*  1  LOPS.  MONOLITHIC  SILICON 

Thi>  .spocificuti-m  is  approved  I  n  use  by  all  Depart¬ 
ments  ami  Ar.encit-s  ;i!  the  Department  *t  Defense 

1.  SCOPE 

I.  I  Scope.  This  spent  nation  covers  the  detail  requirements  lor  monolithic  silicon,  TTL, 
bistable  logic  microcircuits.  Three  product  assurance  classes  and  a  choice  of  case  outline  lead 
finish  are  provided  for  each  type  and  are  collected  in  the  complete  part  number. 

1.2  Part  number.  The  complete  part  number  shall  be  as  shown  in  the  following  example: 


Military 

designator 


Detail 

specification 


(1.2.1)  11.2.2)  (1.2.3)  (3.3) 


1. 2.  1  Device  type.  Device  type  shall  be  as  shown  in  the  following: 

Device  type  Circuit 

01  Single  .)-K  master -slave  flip-flop 

02  f>ual  .J-K  master -slave  flip-flop,  no  preset 

03  Dual  J-K  master-slave  flip-flop,  no  preset 

04  Dual  J-K  master-slave  flip-flop 

05  Dual  D-‘ype  edge- triggered  flip-flop 

00  Single  edge- triggered  J-K  flip-flop 

07  Dual  D-type  edge-triggered  flip-flop,  buffered  output 

1.2.2  Device  class.  Device  class  shall  be  the  product  assurance  level  as  defined  in  MIL-M-38510. 

1.2.  3  Case  outline.  The  case  outline  shall  be  designated  as  follows 

Letter  Case  outline,  MIL-M-38510.  appendix  C 

A  K-I  f 1 4- pin .  1  4”  x  1~4",  flat  packT~ 

13  F-3  04-pin.  1  H"  x  1  4",  flat  pack) 

C  D-l  (14-pin.  1  4"  x  3  4”.  dual-tn- line) 


F-2  ( 14-pin.  1  4"x3  8’ 
I)-2  (16-pin.  1  4”  x  7  8 


flat  pack) 
dual-in-  line) 


F-5  (16-pm.  1  4"  x  3  8".  flat  pack) 


1.2.4  Absolute  maximum  ratings . 


Supply  voltage  range-  - . 

Input  voltage  range  --------- 

Storage  temperahye  range  ------ 

Maximum  power  dissipation  per 

flip-flop,  Pd . ------ 

Lead  temperature 
(soldering,  10  seconds)  ------ 

Thermal  resistance.  junction  to  case 
Junction  temperature . - 


-0.  5  to  7. 0  Vdc 

-1.5  Vdc  at  - 12  mA  to  5.  5  Vdc 

-65°  C  to  150°  (’ 


|  0  09  C  niW  for  flat  packs 
1  0.  08 c  C  mW  for  dual- in- line  pack 
175°  C 


1  Must  withstand  the  added  Pn  due  to  short  circuit  condition  le.g.  IqjjI  at  one  output  for  5  seconds 


duration. 

Figure  Zh.  Pago  I  of  MIL-  M-  18  S  1  0 / 2 K  .showing  that  tho  absolute 
maximum  ratings  of  tho  device  typos  roquire  withstanding  an 
J-OS  oondition  at  only  ono  pin  Cor  S  second:  . 


MIL-  M  ■  38510-  2E 


TAIU.K  I  Klei  trlcal  performance  <  harici<rlitl'~> 


1  Input  .  -indHMR  J  r  K  f-r  device  Upes  "1.  02,  03.  04.  06,  and  crenel  or  D  for  device  type*  05  and  07.  and 
clock,  <  ’.far  ->r  pjeaet  f->r  device  type  o»; 

2  Input  rondjt: on  <  k  ■  r  devt<  -e  types  M.  02.  03  and  04  and  clear  or  clock  for  device  types  05  and  07 

3  Input  c-»r,diu  r.  •  (  Ji-.ii  i  preset  f  ?  dev.  r  types  01,  02  03,  04.  05.  06  and  07  and  clock  for  device  type*  05 
and  (T 

4  Nor  more  tfur.  me  <ut{/».'  should  t>f  *fi  rt>d  a <  j  tinny 
t  -r  K  f  ^7  dev;.-e^vpes  'd  02  03.  04,  Ofl.  and  P  f-'r  device  tvpea  05  and  07.  and  clock  for 

i  >at  i  prese*  t  r  de\  .-  e  tvpea  01.  02.  03  and  04. 
h  *  i  Ji-\  :  «•  •  1  3  nit. I  -4 


5  Input  condition 
devil  e  fvpe  06 

6  Input  <  *ndtv, 

*  Iripu’  -el:*.  ■ 

M  1  p.p  »’  >..1:- ,  • 

*  ^e»  '4ti>  j:i 


Figure  Zb.  \1I  L- M- 3 K *3  ]  0/Z  K,  page-  3,  Table  I,  Note  4  requires 
that  no  more  than  one  output  he  shorted  at  one  time. 
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Figure  27.  M  [  L  -  M  -  3  85  1  0  /2  E ,  no  maximum  duration  specified  for  Iq  and  no  restriction 

placed  on  untested  outputs  (no  notes  apply). 


MINIMUM  OR  MAXIMUM  PULSE  WIDTH  IN  RECOMMENDED  OPERATING 
CONDITIONS  IN  MI  L-M-385  1  0/9C  . 


Page  3  of  M I  L-M  -  383  1  0 /9C  presents  some  confusing  recommended 
operating  conditions  for  device  types  02  and  03  (Figure  28).  The  specifica¬ 
tion  recommends  operating  the  02  device  with  a  minimum  clock  pulse  width 
of  35  nanoseconds  maximum.  Does  this  imply  that  operation  with  a  clock 
pulse  width  less  than  35  nanoseconds  is  recommended'*  No.  What  was  in¬ 
tended  was  that  no  device  should  fail  to  perform  with  a  clock  pulse  width  of 
35  nanoseconds,  which  is  a  worst  case  or  maximum  acceptable  minimum 
clock  pulse  width.  This  can  be  stated  more  clearly  simply  by  declaring  that 
the  recommended  width  of  the  clock  pulse  be  35ns  minimum,  as  was  done  for 
device  type  05  on  the  same  page  of  the  specification.  An  alternative  ap¬ 
proach  is  to  delete  the  words  maximum  and  minimum  following  the  recom¬ 
mended  limit  value  as  was  done  in  MI  L-M  -  385  1  0  /  30613 ,  p.  2  (Figure  29). 

OUTPUT  LOADING  IN  FIGURES  FOR  MEASUREMENTS  OF  TIME 

When  several  outputs  require  similarly  constructed  loads,  as  on  p.  55 
of  MIL- M- 385  1 0/  9C  (Figure  30),  the  notation  "same  output  load  as 
output  A"  is  used  to  avoid  drawing  a  number  of  loads  unnecessarily.  How  ¬ 
ever,  the  wording  chosen  leaves  open  the  possibility  of  connecting  the  same 
load  to  all  the  outputs  (shorting  the  outputs  together)  or  connecting  the  same 
single  load  to  each  of  the  outputs  in  turn.  This  ambiguity  can  be  avoided  by 
changing  the  wording  to  "output  load  configured  as  load  of  output  A.  " 

GOMPARATOR  LEVELS  FOR  TRUTH  TABLE  TESTS 

I  he  specifications  allow  either  of  two  methods  to  be  used  to  determine 
whether  proper  output  states  are  observed  during  truth  table  tests  (sub¬ 
groups  7  and  8).  As  can  be  seen  in  note  4  of  Figure  31,  a  high  can  be 
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Device  type  02 


^fjjumum  clock,  pulse  width-  -  --  --  --  --  -  35  ns  maximum 

Minimum  clear  pulse  width-  ----------  30  ns  maximum 

Minimum  preset  pulse  width  ----------  30  ns  maximum 

Serial  input  setup  time-  -----------  30  ns  minimum 

Serial  input  hold  time  ------------  Ons  minimum 

Device  type  03 

Minimum  clock  pulse  width-  ----------  30  ns  maximun 

Mi  n i mum  clear  pulse  width-  -  --  --  --  --  -  50  ns  maximum 

Serial  setup  time-  --------------  15  ns  minimum 

Serial  hold  time  ---------------  10  ns  maximum 


Device  type  04 


Width  of  clock,  input  pulse  -  --  --  --  --  -  25  ns  minimum 

Width  of  load  input  pulse-  ----------  IS  ns  minimum 

Clock  enable  setup  time  -----------  30  ns  minimum 

Parallel  input  setup  time-  ----------  10  ns  minimum 

Serial  input  setup  time-  -----------  20  ns  minimum 

Shift  setup  time  ---------------  45  ns  minimum 

Hold  time  at  any  input  ------------  10  ns  maximum 

Device  type  05 

Width  of  clock  input  pulse  ----------  20  ns  minimum 

Width  of  clear  input  pulse  ----------  20  ns  minimum 

Data' input  setup  time-  -  --  --  --  --  --  -  30  ns  minimum 

Clear  input  setup  time  ------------  25  ns  minimum 

Hold  time  at  any  input  ------------  Ons  minimum 

Mode  control  setup  time-  -----------  30  ns  minimum 

Device  type  Oh 

Width  of  clock  input  pulse  ----------  16  ns  minimum 

Width  of  clear  input  pulse  ----------  12  ns  minimum 

Shift  load  input  setup  time-  ---------  2"ns  minimum 

Data  input  setup  time-  ------------  20  ns  minimum 

Clear  input  setup  time  ------------  25  ns  minimum 

Shift  load  release  time-  -----------  10  ns  maximum 

Data  hold  time  ----------------  Ons  minimum 


2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents,  of  the  issue  in  effect  on  date  of  invitation  for  bids 
or  request  for  propose l,  form  a  part  of  this  specification  to  the  extent  specified 
herein. 

SPECIFICATION 

MILITARY 

MM.-M-  38510  -  Microcircuits,  tieneral  Specification  for. 


Ki  .jure  i 8 .  paut>  3. 


-0. 5  Vdc  to  7.0  Vdc 
-1.5  Vdc  at  -16  mAdc  to  5.5  Vdc 
to  150°r 


1 . 3  Absolute  maximum  ratings . 

S„r. iv  voltage  range  ------------- 

Iiiuut  vcltage  range-  -  -  -  . -  -  -  - 

Storage  temperature  range-  ---------- 

Maximum  power  dissipation  per  register, 

V' 

Device  type  01---  ----------- 

Device  type  02,  03  ------------ 

Device  type  04-  -  ------------ 

Device  type  05-  -  ------------ 

Device  type  06,  07  ------------ 

Device  type  06-------------- 

Device  type  09  -------------- 

Lead  temperature  (soldering. 

If-  seconds-  -  --  --  --  -  -  --  --  --  - 

Thermal  resistance  (junction  tn 
case) . ---.  ------- 

Junction  temperature-  -------  ----- 

1.4  Recomended  operating  conditions. 

Supply  voltage-  -------------  -- 

Minimum  high  level  input  voltage-  -----  - 

Maximum  low  level  input  voltage-  ------- 

Ambient  operating  temperature  range-  -  -  -  -  - 
Minimum  clock  pulse  width: 

Device  type  01,  03.  05,  07,  09  ------- 

Device  type  02 . - . 

Device  type  04  ,  06  ,  08  - . - 

Minimum  clear  pulse  width: 

Device  type  01,  05,  09  . 

Device  type  02-  -------------  - 

Device  type  04  . 

Device  type  07--- . ----- 

J'lnimun:  load  pulse  width: 

Device  type  08  . 

Minimum  setup  time  at  mode  control: 

Device  type  01 . -  -  -  - 

Device  type  03,  06 . ------ 

Minimum  setup  time  at  shift/load: 

Device  type  02  .  --------- 

Device  type  07 .  . 

Device  type  08--------------- 

Device  type  09  --------------- 

Minimum  setup  time  at  serial  data: 

Device  type  08  .  ------- 

Minimum  setup  time  at  serial  or  parallel  data: 
Device  type  01  ,  02  ,  03  ,  05  ,  06  ,  07  ,  09  --- 
Devi..e  type  04--------------- 

Minimum  setup  time  at  preset: 

Device  type  04  --------------- 

Mir-uT  setur  time  at  inhibit: 

Dev’Ce  type  08--------------- 

Minimum  hold  time: 

Device  type  01,  02,  03,  04,  05,  07  -  -  -  -  - 
Device  type  06  --------------- 

Device  type  08,  09  ------------- 

Minimum  enable  or  inhibit  time  of  clock  : 
Oevice  type  03  --------------- 

Maximum  release  time  of  shift/load: 

Device  type  02 . 


127 

mWdc 

116 

etWCc 

no 

Mice 

149 

roWoc 

160 

mWdc 

198 

mWdc 

209 

mWdc 

+300°C 

.  m  I  0.09cC/mW  for  flat  pack 
WJC  (  0.08‘C/mW  for  dual-in-1  me 
pack 

Tj  •  +1 75°C 


4.5  Vdc  minimum  to  5.5  Vdc  maximum 
2.0  Vdc 
0.7  Vdc 

-55°C  to  1 25°C 

20  ns 
18  ns 
25  ns 

20  ns 
15  ns 
30  ns 
25  ns 

15  ns 

30  ns 
20  ns 

25  ns 
20  ns 
45  ns 
30  ns 

10  ns 

’0  ns 
30  ns 

30  ns 

30  ns 

10  ns 
20  ns 
0  ns 

20  ns 

10  ns 


/  Must  withstand  the  added  Pg  due  to  short  circuit  test  (eg,  Igj)- 
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5.0  V 


5.0  V 
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ICLOCK  PULSE 
GENERATOR 
(NOTE  5) 


(CLEAR  PULSE 

(generator 

(NOTE  3) 


DATA  PULSE 

[generator 

(NOTE  3) 


_£-t 


SEE 

TABLE  EL 
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(COMPLETE 

terminal 

IcoNDacNSi 


SHFT 

right 

SHIFT 

LEFT 

CLOCK 

CLEAR 

50 

51 
A^ 


OUTPUT 

9 


OUTPUTS/ 


)  INPUTS 


T 


(NOTE  4) 


(NOTE  2) 


;cl 

(NOTE  I) 


SAME  OUTPUT  LOAD 
AS  OUTPUT  A 


SAME  OUTPUT  LOAD 
AS  OUTPUT  A 


1 

SAME  OUTPUT  LOAD  | 
AS  OUTPUT  A  1 

NOTES: 

1.  CL  =  50  pF  minimum  including  probe  and  jig  capacitance. 

2.  All  diodes  are  1N3064,  or  equivalent. 

3.  Unless  otherwise  specified  In  the  notes  associated  with  the  individual  tests,  all  pulse  generators 
have  the  following  characteristics:  ZOUT  -  50»,  tTLH  1  7  ns,  tfflL  i  7  ns,  Vm  =  3.  0  V 
minimum,  VjL  -  0. 

4.  RL  =  4000  *5^. 


F i cure  30, 


From  MIF-M-3K510/0C,  pane  S3. 


» 


measured  as  either  2.4V  minimum  or  as  1.5V  minimur  and  a  low  as  0.4V 
maximum  or  as  1.5V  maximum.  This  allows  two  measurement  standards, 
one  less  severe  than  the  other,  with  the  possibility  of  passing  devices  using 
one  standard  and  failing  them  using  the  other.  If  the  less  severe  measure¬ 
ment  technique  is  acceptable,  then  there  is  no  need  for  the  more  severe 
alternative.  If  the  less  severe  technique  is  not  acceptable,  then  it  should  be 
eliminated.  Further  discussion  is  withheld  for  the  section  on  redundant 
measurements. 

FIFTY  PERCENT  DUTY  CYCLES 

The  burn-in  circuits  for  MIL-M -385 1 0 /22 B  specify  a  clock  pulse  with 
a  "50  percent  DUTY  CYCLE,  MIN"  as  shown  in  Figure  32.  This  permits 
a  clock  pulse  of  99  percent  duty  cycle  or  one  of  50  percent.  A  99-percent 
duty  cycle  does  not  exercise  the  device  any  better  than  a  1-percent  duty 
cycle.  The  clock  pulse  generator  would  be  better  specified  as  having  a 
"50  percent  duty  cycle  ±  10  percent"  or  a  "50  to  60  percent  duty  cycle.  " 

This  was  done  in  MIL- M- 385  1  0/30  1  A  on  pages  57  to  60. 

F.MAX  LIMITS  AND  test  CONDITIONS 

Several  inconsistencies  in  MIL-M -385  10  tests  for  were  n°ted 

in  the  / 9,  /22,  and  / 7 1  specifications.  Other  inconsistencies  are  found  in 
Table  III. 

The  test  circuit  of  page  38  of  M IL-M - 385  1 0/22B  is  not  correct  for 

^MAX  since  ^  output  is  not  connected  to  the  D  input  as  called  out  in 

Table  III  (Figure  3  3),  Also,  such  a  connection  would  load  Q,  and  the 

external  load  either  should  be  adjusted  to  compensate  or  be  eliminated. 

The  voltage  waveforms  for  the  D  input  are  not  correct  for  f^^^  either, 

as  t,,  t  ,  t  ,  ,  and  t,  .  .  are  controlled  by  the  characteristics  of  the  Q 

1*  0  setup  hold  ' 

output  and  not  by  a  programmable  pulse  generator.  Each  of  these  problems 
would  be  most  easily  addressed  by  using  a  separate  figure  for  thus 

avoiding  confusion  between  conditions  and  conditions  require  i  ior 

propagation  delay  time  measurements.  This  was  done  in  parts  of 
M II.- M  -  >85  1  0/9(  (e.  g.,  page  47).  Note  that  connecting  the  input  ot  a 
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TEST 

OUTPUT 


CLOCK  INPUT 


TEST  CIRCUIT 

— nl.  p*-  — ]iar— 

!  |  i  | 

2  7  v4  /  ^riTv- 
i/u5v  i.svV 

,  ,  .  kp(clock)  . 


i  j  h-f— lo 

D  INPUT  l PULSE  A)  ,  #--}~2.7  V  2  7  V^F'J 
(SEE  NOTE  2)  i.5v\i 


0  INPUT  2  TV  -f 

(PULSE  B'  I  5V/| 

(SEE  net:  2'<C  7v/t- 

-•-itlh 


tp  - 

-  t(hold)  ■ 


^PLHf-i, 


PRESET 


TEST 

OUTPUT 


Q  OUTPUT  I  >U|.SV 

r* - lPHL  2 — *V - vOl 

voltage  waveforms 

NOTES: 

1.  Clock  Input  pulse  has  the  following  characteristics:  Vgen  «  3  V,  to  =  tj  <  7  ns,  tp(clock) 
20  ns,  and  PRR  -  1  MHz.  When  testing  fMAX,  f  1  36  MHz  for  subgroup"5  and  f  *  28  MH: 
for  subgroups  10  and  11. 

2.  D  Input  (pulse  A)  has  the  following  characteristics:  Vgen  =  3  V,  to  *  tj  <  7  ns,  tsetup  * 
10  ns,  tp  ■=  80  ns,  and  PRR  is  5(7?  of  the  clock  PRR.  D  Input  (pulse  B)  has  the  following 
characteristics  Vgen  =  3  V,  to  -  tj  ^  7  ns,  t^old  -  3  ns,  tp  =  60  ns,  and  PRR  Is  50^, 
o(  the  clock  PRR. 

3.  All  diodes  are  1N3064,  or  equivalent 

4.  Cl  -  50  pF  (  including  )tg  and  probe  capacitance). 

5.  Rl  =  28011 


i1  igti  re 


(.  M  1 1,- M  -  )  S  '1  O  /  i  2  M,  page  38,  tMAX  ,csl  conditions 
ninlln  t  with  other  swili  lunc  test  conditions. 


flip-flop  to  the  Q  output  is  inconvenient  on  ATE,  often  requiring  special 
fixturing  and  a  connector  length  which  adds  inductance  to  the  connection. 

This,  in  addition  to  the  inability  of  ATE  to  run  at  clock  rates  in  excess  of 
20  or  25  megahertz,  is  a  reason  to  desire  an  alternative  to  the  current  f.  ,  ,  . . 
test  method,  as  discussed  in  Section  13.  The  MIL-  M- 385  1  0/ 30  1  A  method  of 
testing  which  uses  a  pulse  generator  on  the  D  input  instead  of  connect¬ 

ing  Q  to  D  is  much  easier  to  implement  on  ATE  and  should  be  considered  as 
a  icplacement  for  the  method  used  in  MIL-M-385  1  0/9,  /22,  and  /  7  1 . 

The  remaining  inconsistencies  are  found  in  the  various  Table  111  entries 
pertaining  to  for  TTL  or  f^^  for  CMOS  devices.  Referring  to  Fig¬ 

ure  34,  the  f  ...  limit  applies  to  the  clock  input  frequency,  yet  the  measured 
terminals  are  the  outputs.  Even  though  this  is  explained  in  note  6,  it  is 
inconsistent  to  measure  at  a  Q  terminal  to  a  limit  which  does  not  apply  at 
that  terminal.  Further,  note  6  states  that  the  output  frequency  shall  be 
one-half  of  the  input  frequency.  1N(A)  and  1N(B)  use  two  different  pulse 
repetition  rates  (PRR).  Of  which  is  the  output  one-half  '  In  the  flip-flops 
which  require  the  Q  output  be  connected  to  the  D  input,  is  the  output  PRR 
required  to  be  one-half  of  itself?  Clearly  this  is  not  what  is  intended. 

These  inconsistencies  can  be  resolved  by  making  the  measurement  limit 
the  desired  output  PRR  and  specifying  that  the  higher  input  PRR  be  applied 

in  the  value  for  f  ,  ,  at  the  clock  input. 

.VI  A  X 

Figure  15  is  page  40  of  511',.  Note  "O"  reads,  "The  maximum  clock 
frequency  (f^  )  requirement  is  considered  met  if  proper  output  state 
changes  occur..."  but  "proper  output  state  changes"  are  not  defined  in 
fable  III.  If  an  unusual  wa.e  shape  results  I  rmn  'he  test,  who  determines 
whether  the  output  state  changes  are  proper?  The  phrase  "...if  the  output 
state  changes  according  to  figure  2.  .  .  would  be  more  precise  because  the 
truth  tables  of  figure  2  define  the  proper  output  state  changes,  and  note  "\" 
defines  the  required  output  signal  levels. 
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TABLE  HI  Group  A  Laapecttoa  for  device  type  02.  -Coitinued 


FLIP-FLOP  PROPAGATION  DELAY 

MIL-M-38510  requirements  for  flip-flop  propagation  delay  times  were 
reviewed  in  detail  during  this  investigation.  Figure  36  is  a  logic  diagram 
of  a  D-type  flip-flop.  Observe  that  the  Q  output  is  an  input  to  the  NAND 
gate  providing  the  Q  output  and  vice  versa.  This  implies  that  Q  cannot 
enter  a  low  state  until  after  Q  enters  a  high  state  and  that  Q  cannot  enter 
a  low  state  until  Q  enters  a  high  state.  Stated  differently,  Tp^L  of  one 
output  is  equal  to  Tp^p  of  the  other  output  plus  the  delay  of  the  final 
NAND  gate.  If  a  device  passes  Tppp  at  Q  it  must  have  also  passed 
at  Q,  since  Tppp  at  Q  was  an  integral  part  of  the  measurement.  The  Tp^p 
measurements  appear  to  be  redundant  and  could  be  deleted  without  reducing 
the  thoroughness  of  the  Table  III  testing.  However,  if  those  tests  were 
deleted  and  a  TpJ[L  failure  occurred,  the  failing  portion  of  the  device  (out¬ 
put  gate  or  input  gate)  would  not  be  readily  identifiable.  Thus  the  Tppp 
test  data  is  useful  in  tracking  reliability  problems.  It  is  not  suggested  that 
the  Tppp  tests  be  deleted. 

PRESET 

CLEAR 

CLOCK 


0 

UOGIC  oiaqram 

Figure  36.  Logic  diagram  of  a  D-type  flip-flop  (from 
MIL-M-38510/Z2B,  p.  17). 


REDUNDANT  OR  SUPERFLUOUS  MEASUREMENTS  AND  OMITTED 
MEASUREMENTS 


While  reviewing  the  MIL-M-38510  slash  sheets,  a  number  of  tests 

were  encountered  that  do  not  provide  additional  information  and  are  therefore 

redundant.  Among  these  tests  are  an  Igg  test,  truth  table  testing,  and 

some  f. ,  .  „  tests.  In  addition,  an  omitted  measurement  for  some  f. ,  .  .. 

MAX  ’  MAX 

tests  is  discussed. 


FET  Supply  Current  Tests 

Test  18  of  MIL-M-38510/50C,  Table  III  for  device  type  01,  shown  in 
Figure  37  is  redundant.  As  Figure  38  shows,  the  current  Igg  consists  of 
leakage  from  the  input  gates  plus  leakage  from  through  the  channels 

of  the  individual  FETs.  Tests  17  and  19  produce  the  two  possible  worst 
case  conditions  for  leakage  from  by  turning  on  either  the  P-channel 

or  the  N-channel  FETs.  Input  leakage  currents  are  measured  separately 
as  Ijpj  and  L^-  Considing  the  other  Igg  and  Ijjj  measurements,  test  18  pro¬ 
vides  no  new  information  and  should  be  deleted. 


Truth  Table  Testing 

As  was  discussed  in  Section  8,  truth  table  testing  can  give  information 
about  dynamic  and  and  also  can  assure  that  the  devices  change 

state  according  to  the  truth  table.  The  current  specifications  do  not  require 
input  conditions  yielding  this  Vtt  and  V,,.  information.  Assurance 

of  operation  according  to  a  truth  table  could  be  provided  by  the  subgroup  9 
tests  (ff^AX  anc^  propagation  delay  time  measurements)  if  the  precondition¬ 
ing  and  test  sequence  were  specified.  Therefore,  although  the  truth  table 
tests  (subgroups  7  and  8)  could  be  eliminated  as  redundant,  they  should  be 
retained  but  run  with  tighter  limits  on  input  conditions  to  provide  additional 
information. 


Testing  for  fMAX 

Four  tests  are  specified  in  Table  III  of  MIL-M-385  10/2E  for 

device  types  02,  03,  04,  05,  and  07.  A  separate  test  is  specified  for 

each  output  and  each  complemented  output  although  the  same  set  of  input 


J  V  1,.  .. 


DEVICE  TYPE  01 
VDD 


a  p 

OUT  OUT 


Figure  38.  Schematic  of  CD4011A  (MIL-M-385 10/50C,  p.  8). 

conditions  could  be  used  for  all  four  tests.  In  an  age  of  multiple-trace 
oscilloscopes  and  ATE  capable  of  testing  all  outputs  simultaneously,  one 
combined  test  could  replace  the  four  currently  specified.  Even  if 

this  were  not  done,  having  demonstrated  the  interdependence  of  the  Q  and 
Q  outputs  and  utilizing  the  propagation  delay,  Vq^,  and  measurements 

to  demonstrate  the  capability  of  the  output  to  drive  a  load,  it  has  been 
determined  that  testing  on  output  is  an  adequate  test  of  the  Q 

output.  Therefore,  two  of  the  four  tests  may  be  deleted  as  redundant. 

Omitted  fWAV  Measurement  Condition 
_ MAX _ 

In  some  multi-stage  shift  registers,  the  performed  at 

only  one  output.  For  example,  in  MIL-M-38510/30613,  page  8<i,  only 

of  the  54LS295  is  tested.  Examination  of  Figure  39  shows  that  even  if 
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Figure  39.  Logic  diagram  of  54LS295 
(MIL -M- 3 85  10/306B,  page  24). 


the  longest  single  stage  delay  path  is  from  the  serial  input  to  the  output 
Q^,  a  proper  square  wave  output  at  QA  does  not  guarantee  a  proper  output 
at  Qg,  Q^,  or  Qp.  A  fault  anywhere  to  the  right  of  the  dashed  line  would 
not  be  detected.  As  a  minimum,  Q ^  and  need  to  be  tested.  A  fault  in 
the  output  buffer  gate  at  either  Qg  or  Q^.  might  still  go  undetected  by  the 
*MAX  *est*  s^nce  t^ie  following  stage  is  connected  before  the  buffer,  but 
such  faults  would  be  detected  in  propagation  delay  tests. 

Similarly,  counters  are  sometimes  tested  for  f^l^x  at  on^y  the  most 
rapidly  varying  stage,  using  the  theory  that  no  other  stage  has  to  switch  at 
more  than  one-half  the  frequency  of  this  stage.  However,  device  design 
may  take  this  into  account,  and  the  delay  paths  into  subsequent  stages  may 
be  sufficiently  long  that  the  second  most  rapidly  varying  stage  may  not 
meet  the  one-half  fM^x  re9uirernents«  Also,  signal  levels  within  a  device 
operated  at  fj^AX  maY  not  he  sufficient  to  drive  succeeding  stages  reliably. 
If  outputs  are  buffered,  the  reduced  signal  level  would  not  be  apparent  by 
any  test  other  than  ^M^x  at  h°th  t*ie  111031  raPidly  and  least  rapidly 
varying  outputs. 


TYPOGRAPHICAL  ERRORS  AND  OMISSIONS 


In  addition  to  those  ambiguous  or  incorrect  situations  previously 
described,  the  following  are  minor  errors  that  were  found. 


Page  No.  M1L-M-38510/2F 

3  Note  4  reads  "Nor  more...  "  It  should  read  "Not  more..." 


16 


13-14 


41 


49 


8 


31 


34,  36, 
41, 
43,  45 


The  note  "Schematic  shows  one-half  of  dual  unit"  should 
be  a  note  for  all  three  drawings,  not  just  circuit  B,  and 
should  be  placed  under  the  notes  heading  of  page  17. 

MIL-M-38510/9C 

The  function  tables  have  neither  a  figure  number,  nor  a 
table  number,  nor  are  they  text.  They  should  be 
labelled  as  part  of  figure  2  "Truth  tables  and  timing 
diagrams. " 

Note  reads  "R,  =  R,  =  220  S2  ±  10%. "  It  should  read 
"R?  through  Rf  =  2Z0  U  ±  10%"  or  "  R?  =  R,  =  R,  = 
R5=R6  =  220i2  ±10%."  3  4 

Figure  8  shows  several  outputs  shorted  together  before 
being  connected  to  loads.  Since  there  is  not  adequate 
space  to  draw  the  load  eight  times,  Qb  through  Qj_j 
should  be  separately  connected  to  a  single  rectangle  in 
which  is  inscribed  "Connect  each  output  with  an  output 
load  configured  as  the  load  at  output  A." 

MIL-M-38510/22B 


In  note  2,  the  output  fanout  needs  further  definition.  A 
type  06  output  may  not  drive  10  type  06  clear  or  clock 
inputs  at  150  pA  each  when  high  level  current  capability 
is  only  0.  5  mA.  This  can  be  corrected  by  restating 
note  2  as  "Device  will  fanout  in  both  high  and  low  levels 
to  the  specified  number  of  D,  J,  or  K  inputs  of  the  same 
device  type. " 


In  the  figure  for  terminal  conditions  of  device  type  02, 
the  two  K  terminals,  the  two  Q  terminals,  etc.  need  to 
be  differentiated  as  K1  and  K2,  Q1  and  Q2,  etc. 


In  the  figure,  a  current  limiting  resistor 
(240  ohm)  would  be  appropriate  between 
and  the  inputs. 


The  notes  say,  "When  testing  fjvtAX*  I  =  ..."  They 
should  say,  "When  testing  f^AX’ 


M1L-M-38510/22B  (continued) 


Page  No, 
55 


67  and 

following 

pages 


9-10 


4 


7-8 


29 


30 


58 


The  arrow  in  the  max  column  under  "22"  extends  to 
Test  105.  It  should  stop  at  Test  101. 

If  page  67  is  the  last  page  of  the  document,  where  is 
paragraph  6  and  information  about  the  preparing 
activity? 

MIL-M-T  85  10/23A 


Less  confusion  would  arise  if  all  versions  of  these  cir¬ 
cuits  were  drawn  with  the  same  number  of  inputs. 

MIL-M-38510/50C 


Paragraph  4.4.  1(e)  reads:  "Device  input  pins  not  desig¬ 
nated  in  tests  may  be  tied  to  V  —  ,.  or  GND  or  may  be  open 
provided  measurements  are  not  affected.  Device  output 
pins  not  designated  in  tests  may  be  loaded  or  open 
provided  measurements  are  not  affected."  If  measure¬ 
ments  were  to  be  affected,  which  condition  would  prevail? 
It  is  suggested  that  the  following  statement  be  added: 

"If  measurements  are  found  to  be  affected,  input  pins 
not  designated  in  tests  shall  be  tied  to  the  voltage  level 
that  will  yield  a  worst  case  measurement  value,  and 
output  pins  not  designated  shall  be  loaded. 

Case  dimensions  are  a  part  of  the  general  specification 
MIL-M-385 10D.  Figure  1  is  not  required.  The 
references  to  figure  1  should  be  changed  to  reference  the 
appropriate  figure  in  M38510D,  Appendix  C. 

Paragraph  6.4.  The  symbols  "tj"  and  "tr"  are  not  used 
anywhere  in  this  specification  ("txHL(l)"  ar*d  Ut:TLH(l)" 
are  used),  so  reference  to  their  use  can  be  deleted. 

MIL-M-385  10/71A 

In  note  1  the  symbol  "dc"  is  used  for  duty  cycle.  This 
symbol  is  more  generally  used  for  direct  current.  Duty 
cycle  should  be  spelled  out. 

MIL-M-385  10/ 306B 


The  caption  under  the  title  reads  "...  oropen)",  it  should 
read  "...  or  open)" 
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MIL- M-38510/306B  (continued) 


Subgroup  11  is  missing. 

Paragraph  4.  5.  1  Voltage  and  current,  which  reads,  ' 
voltages  given  are  referenced  to  the  ground  terminal. 
Currents  given  are  conventional  current  and  position 
when  flowing  into  the  referenced  terminal,"  would  be 
better  placed  in  MIL-M-38510D  or  MIL-STD-883. 


16.  SUGGESTIONS  FOR  MIL-STD-883 


This  study  revealed  that  to  obtain  repeatable  and  accurate  data,  certain 
precautions  are  required  during  test.  In  order  to  ensure  that  these  precau¬ 
tions  are  taken,  certain  changes  and  additions  to  MIL-STD-883  are 
suggested. 

As  was  previously  discussed,  Iqs  measurements  are  affected  if  more 
than  one  output  is  shorted  at  a  time,  a  practice  that  can  cause  power  dissi¬ 
pation  greater  than  the  absolute  maximum  rating  of  the  DUT.  This  practice 
is  contrary  to  several  general  precautions  in  both  MIL-STD-883  and  MIL- 
M-38510  slash  sheets.  However,  these  general  precautions  are  secondary 
test  requirements.  Therefore,  the  restriction  is  not  always  obvious  to  test 
engineers.  This  problem  can  be  eliminated  if  paragraph  3  of  Metho.’  ^ 0 1 1 .  1 
is  revised  to  read  as  follows: 

The  device  shall  be  stabilized  at  the  specified  test  temperature. 

Each  output  per  package  shall  be  tested  individually.  Output 
terminals  not  under  test  shall  be  open.  Output  terminals  shall  not 
be  forced  to  the  test  condition  voltage  potential  for  a  period  longer 
than  5  seconds. 

Differently  defined  temperature  ambients  were  found  to  result  in  dif¬ 
ferent  junction  temperatures  for  the  same  ambient  or  case  temperature. 
MIL-STD-883B,  paragraph  4.  5.  8  states 

Control  of  junction  temperature.  Where  the  application  of  the 
specified  electrical  inputs  during  test  will  cause  the  device  or  any 
internal  junction  temperature  (Tj)  to  differ  from  the  specified  test 
temperature,  case  temperature  (T^),  or  ambient  temperature 
(Ta.)  by  more  than  ±2°C,  the  following  precautions  shall  be 
observed,  as  applicable:  Where  it  is  required  that  Tj  =  T^  or 
Tq,  the  device  shall  be  temperature  stabilized  in  the  power-off 
condition  until  the  device  temperature  is  within  ±2°C  of  the  case 
or  ambient  temperature,  as  applicable,  and  the  prescribed  power- 
on  measurement  shall  be  made  as  quickly  as  possible  (and  in  no 
case  in  excess  of  30  seconds)  after  the  application  of  electrical 
inputs.  Where  it  is  required  that  Tj  reach  a  normal  operating 
level  in  excess  of  T^  or  T (j,  the  device  shall  be  stabilized  for  a 
sufficient  period  of  time  in  a  power-on  condition  with  all  specified 
electrical  inputs  applied  to  allow  Tj  to  reach  a  temperature  of  at 
least  80  percent  of  its  stable  value  under  the  specified  test 
conditions. 


92 


As  written,  the  requirement  effectively  minimizes  the  differences  in 
junction  temperature  which  can  occur  in  testing  the  devices  used  in  this 
study  in  differently  defined  ambients.  It  requires  power-off  until  the  test 
is  started,  as  well  as  taking  measurements  as  rapidly  as  possible  to  mini¬ 
mize  test  time.  However,  while  these  precautions  are  adequate  for  small 
scale  devices,  a  large  RAM  will  probably  require  test  times  in  excess  of 
30  seconds.  The  Tj  at  normal  operating  level  would  be  in  excess  of 
and  T^,  in  this  case,  but  the  actual  Tj  value  would  differ  depending  upon  the 
temperature  ambient.  In  <  rder  to  standardize  these  measurements,  MIL- 
STD-883B,  par.  4.  5.  3  should  be  expanded  to  define  a  standard  temperature 
ambient,  with  the  manufacturer  free  to  adjust  other  ambients  to  produce 
equivalent  results.  Since  a  fluorocarbon  bath  is  not  representative  of  a 
typical  end-use  environment,  and  both  fluorocarbon  and  airstream  environ¬ 
ments  lead  to  testing  with  Tj  near  to  or  T^.,  it  is  suggested  that  Tj  at  a 
"normal  operating  level"  be  further  defined  as  Tj  at  a  "normal  operating 

O 

level  in  an  airstream  with  a  flow  in  excess  of  3  ft  /min  over  the  DUT.  " 

Measurements  were  found  to  be  affected  by  a  number  of  parameters 
unique  to  ATE,  such  as  pin  condition  settling  time  and  the  lack  of  an  ideal 
ground  path.  In  order  to  remove  the  effects  of  these  parameters, 

MIL-STD-883  needs  to  define  some  parameters  of  an  ATE  environment  in 
the  same  manner  that  it  specifies  accuracy  in  paragraph  4.  3.  3  or  per¬ 
missible  temperature  variation  in  environmental  chambers  in  para¬ 
graph  4.  3.  1. 

It  is  suggested  that  a  paragraph  be  added  to  Test  conditions  to  define 
those  parameters  affecting  ATE  test  results.  This  paragraph  should 
include  the  definition  of  an  acceptable  open  condition  and  an  acceptable 
ground  path.  An  acceptable  open  could  be  defined  as  <i50  pf  and  >.10  ohms 
and  an  acceptable  ground  path  as^.0.  1  ohm  and  <£00  nil. 

A  second  item  in  the  new  paragraph  should  treat  the  problem  of  connect  i  no 
a  measurement  system  to  an  output,  and  then  finding  that  the  output  has 
changed  state.  There  should  be  a  reoui  renient  that  outputs  shall  be  checked 
for  proper  state  (proper  state  being  defined  by  the  type  of  measurement. 


i.e.,  high  level  r^r  and  I^g  and  low  level  for  after  the  estab¬ 

lishment  of  all  measurement  conditions.  If  the  proper  state  is  no  longer 
present,  the  device  must  be  conditioned  to  induce  the  proper  state  before 


measurement. 
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17.  CONCLUSIONS 


This  study  was  conducted  to  evaluate  the  electrical  test  conditions  of 
the  MIL-M-38510  slash  sheet  specification  for  some  small  and  medium 
scale  integrated  circuits  in  an  automated  test  environment.  It  was  deter¬ 
mined  that  ATE  is  capable  of  testing  these  devices  to  end  use  requirements. 
There  are  some  problems  inherent  in  ATE  equipment  when  testing  to  the 
specification  requirements  as  they  are  presently  written.  However,  if 
the  revisions  that  have  been  recommended  in  this  report  are  incorporated, 
the  specifications  and  the  automated  test  equipment  will  be  more  compatible. 

The  data  obtained  during  this  study  supports  the  following  conclusions; 

1.  The  measurement  sequence  of  different  DC  parameters  does  not 
affect  test  data  provided  measurement  times  are  short. 

2.  Temperature  sequence  does  not  affect  test  data  provided  that  an 
adequate  stabilization  time  at  temperature  is  allowed.  For  the 
TP450A  used  in  this  study,  a  stabilization  time  of  60  seconds 
proved  adequate. 

3.  The  sequence  of  AC  parametric  measurements  does  not  affect 
test  data.  However,  since  the  specification  sequence  minimizes 
required  preconditioning,  specifying  that  these  measurements  be 
run  in  sequence  would  minimize  the  amount  of  preconditioning 
information  that  should  be  provided. 

4.  The  sequence  of  measurements  of  the  same  DC  parameter  does  not 
affect  test  data  but  many  sequences  require  additional  precondition¬ 
ing.  The  order  in  which  Vqj_j,  Vq^,  and  IoS  measurements  are 
taken  on  such  sequential  devices  as  flip-flops,  counters,  and  shift 
registers  should  be  specified. 

5.  Differently  defined  ambients  result  in  different  junction  tempera¬ 
tures  while  testing  at  a  specified  T^  or  T^.  Testing  in 
fluorocarbon  maintained  Tj  closest  to  T^.  Testing  in  an  air 
stream  produced  junction  temperatures  approximating  those 

of  testing  in  fluorocarbon.  Testing  in  still  air  or  at  case  tempera¬ 
ture  in  still  air  produced  results  similar  to  fluorocarbon  when 
test  times  were  short,  but  produced  data  indicating  higher  junction 
temperatures  when  test  times  were  lengthened.  A  modification 
to  MIL-STD-883  is  proposed  to  assure  that  test  results  are  not 
dependent  on  temperature  environment, 

6.  Some  variable  measurement  conditions  should  be  more  fully 
specified.  Specifying  ,  V^,  and  PRR  for  truth  table  testing 
would  improve  the  consistency  of  the  measurements  and  provide 
VlL  and  Vjpj  data  that  cannot  be  obtained  from  other  measure¬ 
ments  in  the  specification. 


7. 


Pin  condition  settling  time  was  found  to  affect  DC  parametric 
data.  Schottky  and  low-power  Schottky  devices  exhibited  leakage 
currents  which  rose  with  increasing  pin  condition  settling  time. 
CMOS  Vjcp  measurements  required  pin  condition  settling  times 
in  excess  of  20  milliseconds.  In  addition,  the  pin  application 
sequence  study  indicated  that  attaching  the  measurement  system 
of  ATE  to  the  output  of  the  DUT  can  result  in  the  DUT  changing 
state  and  yielding  a  false  measurement.  To  obtain  consistent  and 
repeatable  data,  a  modification  to  MIL- STD-883  is  required  to 
deal  with  these  problems  which  are  peculiar  to  automated  test 
equipment. 

8.  AC  parametric  data  did  not  change  for  the  devices  tested  for  input 
waveform  rise  and  fall  times  of  4  and  10  nanoseconds.  It  is 
concluded  that  specifying  tr  and  tf  as  §10  nanoseconds  would  be 
acceptable  from  the  standpoint  of  device  performance  and  would 
permit  a  wider  range  of  ATE  to  test  to  the  specification. 

9.  The  pin  application  sequence  study  revealed  that  in  DC  parametric 
testing,  DC  conditions  must  be  established  before  the  pulsed 
inputs  are  applied.  This  is  necessary  to  ensure  that  the  desired 
device  state  is  obtained. 

10.  The  sequence  of  time  measurements  does  not  affect  the  data, pro¬ 
vided  that  the  necessary  preconditioning  is  performed.  Additional 
preconditioning  information  is  required  in  the  MIL-M-38510  slash 
sheet  specifications. 

11.  Undesignated  prior  output  states  were  found  to  affect  tpjjL  for  the 
54164  and  54LS295  shift  registers.  Specifying  the  prior  output 
states  is  required. 

12.  Improper  loading  of  outputs  other  than  the  output  under  test  affects 
Iqs  measurements.  An  addition  to  MIL-STD- 883,  method  3011  is 
proposed  to  remove  this  effect. 

13.  Open  and  ground  conditions  in  an  ATE  environment  are  less  than 
ideal.  Acceptable  conditions  must  be  defined.  Conditions  of  open 
<50  pF,  J>10^0  ohm  and  ground  <200  nH,  ^0.  1  ohm  are  proposed. 
The  proposed  values  are  a  compromise  reflecting  the  capabilities 
of  ATE.  They  also  assure  acceptable  device  performance  in 
application. 

Other  conclusions  drawn  from  this  effort  include  the  following: 

1.  Currently  specified  tri-state  measurements  can  be  implemented 
onlv  with  great  difficulty  on  current  ATE.  An  alternative  technique 
is  presented,  but  the  need  for  further  study  is  indicated. 

2.  Currently  specified  ff^AX  tests  cannot  be  implemented  on  many 
automated  testing  systems  because  of  high  PRR  requirements. 

One  alternative  evaluated  was  found  to  be  acceptable  for  most 
applications. 
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